HtNRY ;.  KIMPTOAf 
|$li$>H!£l  ?tuutl;;-.rlhu'. 
&  DEALER  IN  OSTEOLOGY, 
82.KVGH  H.OLBORN. 

t-ONP'ON.^-^' 


CONSULTING  AND  ANALYTICAL  CHEMIST- 


Holding  Qualifications  of  the  Pharmaceutical  Sooiety; 

Diploma  of  ApothecarieH.'  Hall,  London  ;  and 
Certificates  of   the   Westminster   College  of  Chemistry 
and  Pharmacy  ; 


Digitized  by  the  Internet  Archive 
in  2014 


https  ://arch  i  ve .  org/detai  Is/b21 687535 


CHEMISTRY  : 

GENEBAL,  MEDICAL,  AND  PHARMACEUTICAL. 


At  the  First  International  Pharmaceutical  Exhibition, 
held  in  Vienna  in  August,  1883,  for  this  Manual 
the  Author  was  awarded  a  Gold  Medal. 


The  Fourteenth  and  Fifteenth  Editions  of  this  Manned 
are  adapted,  respectively,  to  the  Pharmacopoeia  of 
the  United  States  and  the  British  Pharmacopoeia, 
and  are  produced  concurrently. ' 


CHEMISTRY: 

GENERAL,  MEDICAL,  AND  PHARMACEUTICAL : 

INCLUDING 

THE  CHEMISTRY  OF  THE  BRITISH  PHARMACOPEIA. 

A  MANUAL 

ON  THE  GENERAL  PRINCIPLES  OF  THE  SCIENCE,  AND  THEIR 
APPLICATIONS  IN  MEDICINE  AND  PHARMACY. 

BY 

JOHN  ATTFIELD,  F.E.S., 

SI. A.  AND  PH.D.  OF  THE  UNIVERSITY  OF  TUBINGEN;  F.I.C.  ;  F.C.S.  ; 
PBOFESSOR  OF  PRACTICAL  CHEMISTRY  TO  THE  PHARMACEUTICAL  SOCIETY  OF  GREAT  BRITAIN  ; 

FORMERLY  DEMONSTBATOE  OF  CHEMISTRY  AT  ST.  BARTHOLOMEW'S  HOSPITAL,  LONDON; 
HONORARY  MEMBER  OF  THE  PHARMACEUTICAL  SOCIETIES  OF  GEE  AT  BRITAIN,  ST.  PETERSBURG, 
AUSTRIA,  DENMARK,  EAST  FLANDERS,  SWITZERLAND,  AUSTRALASIA,  AND  NEW  SOUTH  WALES; 
HONORARY  MEMBER  OF  THE  AMERICAN  PHARMACEUTICAL  ASSOCIATION  ; 
EIONORARY  MEMBER  OF  THE  COLLEGES  OF  PHARMACY  OF  PHILADELPHIA,  NEW  YORK,  MASSACHUSETTS, 
CHICAGO,  AND  ONTARIO,  AND  OF  THE   PHARMACEUTICAL  ASSOCIATIONS  OF  NEW  HAMPSHIRE, 
VIRGINIA,  LIVERPOOL,  MANCHESTER,  GEORGIA,  MARYLAND,  AND  THE  PROVINCE  OF  QUEBEC; 
HONORARY  CORRESPONDING  MEMBER  OF  THE  SOCIETY  OF  PHARMACY  OF  PARIS  ; 

ONF.  OF  THE  THREE  EDITORS  OF  THE  BRITISH  PHARMACOPOEIA,  1885; 
ANNUAL  REPORTER  ON  THE  BRITISH  PHARMACOPOEIA  TO  THE  MEDICAL  COUNCIL  ; 
AUTHOR  OF  A  HANDBOOK  ON  WATER  AND  WATER-SUPPLIES. 

FIFTEENTH  EDITION. 


LONDON: 

GURNEY  &  JACKSON,  1,  PATERNOSTER  ROW. 
(Successors  to  Mb.  Van  Voorst.) 
mdcccxciii. 


"  But  the  greatest  error  of  all  is,  mistaking  the  ultimate  end  of  knowledge ;  for 
some  men  covet  knowledge  out  of  a  natural  curiosity  and  inquisitive  temper  :  some 
to  entertain  the  mind  with  variety  and  delight ;  some  for  ornament  and  reputation  ; 
some  for  victory  and  contention ;  many  for  lucre  and  a  livelihood  ;  and  but  few 
for  employing  the  Divine  gift  of  reason  to  the  use  and  benefit  of  mankind." — Lokd 
Bacon. 

"  I  hold  that  the  greatest  friend  to  man  is  labour  ;  that  knowledge  without  toil, 
if  possible,  were  worthless ;  that  toil  in  pursuit  of  knowledge  is  the  best  know- 
ledge we  can  attain ;  that  the  continuous  effort  for  fame  is  nobler  than  fame  itself ; 
that  it  is  not  wealth  suddenly  acquired  which  is  deserving  of  homage,  but  the 
virtues  which  a  man  exercises  in  the  slow  pursuit  of  wealth  ;  the  abilities  so  called 
forth,  the  self-denials  so  imposed  ;  in  a  word,  that  Labour  and  Patience  are  the  true 
schoolmasters  on  earth." — Lokd  Ltttoit. 


Butlor  *  Tannor,  The  Sclwooil  Printing  Works.  Froine.  M\d  London 


PREFACE. 


Thk  short  title  on  the  back  of  a  book,  and  even  the 
words  on  the  title-page,  are  generally,  and  even  neces- 
sarily, imperfect  descriptions  of  the  contents,  and  hence 
not  infrequently  induce  at  the  outset  misconceptions 
in  the  minds  of  readers.    The  author  of  "  Chemistry  : 
General,  Medical,  and  Pharmaceutical"  would  at  once 
state,  therefore,  that  his  chief   aim  is  to  teach  the 
general  truths  of  chemistry  to  medical  and  pharmaceu- 
tical pupils.    So  far  as  laws  and  principles  are  con- 
cerned, the  book  is  a  work  on  General  Chemistry  ;  but 
inasmuch  as  those  laws  and  principles  are  elucidated 
and  illustrated  by  that  large  portion  of  chemistry  which 
is  directly  interesting  to  medical  practitioners  and 
pharmacists,  the  book  may  be  said  to  be  a  work  on 
Medical  Chemistry  and  on  Pharmaceutical  Chemistry. 
Only  in  this  conventional  sense  would  the  author  speak 
of  Medical  and  Pharmaceutical  Chemistry  ;  for  the 
truths  of  chemistry  are  the  same  for  all  students- 
crystalline  verities  which  cannot  be  expanded  or  com- 
pressed to  suit  any  class  of  workers.     The  leading 
principles  of  the  science,  however,  can  as  easily  be 
illustrated  by  or  deduced  from  those  facts  which  have 
interest  as  from  those  which  have  little  or  no  special 
interest  to  the  followers  of  medicine  and  pharmacy.  The 
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grand  and  simple  leading  truths  or  laws  of  chemistry, 
the  lesser  truths  or  principles,  and  nearly  all  the  in- 
teresting relationships  of  elements  and  compounds,  in  a 
word,  the  science  of  chemistry,  can  be  taught  to  medical 
and  pharmaceutical  students  with  little  other  aid  than 
that  afforded  by  the  materials  which  lie  in  rich  abun- 
dance all  around  these  workers.  Such  a  mode  of 
teaching  "  the  general  principles  of  the  science,  and 
their  applications  in  medicine  and  pharmacy,"  is  adopted 
in  this  volume.  It  is  a  mode  which  greatly  increases 
the  usefulness  of  the  science  to  the  students  chiefly 
addressed,  while  it  in  no  way  diminishes  the  value  of 
chemistry  to  them  as  an  instrument  of  mental  culture 
— an  instrument  which  sharpens  and  expands  the 
powers  of  observation,  which  enlarges  and  strengthens 
memory  and  imagination,  which  gives  point  to  the 
perceptive  faculties,  and  which  develops  and  elaborates 
the  powers  of  thought  and  of  reason. 

This  Manual  is  intended,  then,  as  a  systematic  ex- 
ponent of  the  general  truths  of  chemistry,  but  is  written 
mainly  for  the  pupils,  assistants,  and  principals  engaged 
in  medicine  and  pharmacy.  It  is  essentially  a  Manual 
of  Applied  Chemistry,  or  Technical  Chemistry,  but  is 
first  of  all  a  Manual  of  Chemistry. 

The  book  will  be  found  equally  useful  as  a  reading- 
book  for  students  having  no  opportunities  of  attending 
lectures  or  performing  experiments,  or,  on  the  other 
hand,  as  a  text-book  for  college  pupils ;  while  its 
comprehensive  Index,  containing  nearly  ten  thousand 
references,  will  fit  the  work  for  after-consultation  in  the 
course  of  business  or  professional  practice. 

From  other  chemical  text-books  it  differs  in  three 
particulars  : — first,  in  the  exclusion  of  matter  relating 
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to  compounds  which  at  present  are  only  of  interest  to 
the  scientific  chemist ;  secondly,  in  containing  more  or 
less  of  the  chemistry  of  every  substance  recognised 
officially,  or  in  general  practice,  as  a  remedial  agent ; 
thirdly,  in  the  paragraphs  being  so  cast  that  the  volume 
may  be  used  as  a  guide  in  studying  the  science  experi- 
mentally. 

The  order  of  subjects  is  that  which,  in  the  author's 
opinion,  best  meets  the  requirements  of  medical  and 
pharmaceutical  students  in  Great  Britain,  Ireland, 
America,  India,  and  the  English  Colonies.  Introduc- 
tory pages  are  devoted  to  a  few  leading  properties  of 
the  elements.  A  review  of  the  facts  thus  unfolded 
affords  opportunity  for  stating  the  views  of  philosophers 
respecting  the  manner  in  which  these  elements  influ- 
ence each  other  as  components  of  terrestrial  matter. 
The  consideration  in  detail  of  the  relations  of  the  ele- 
mentary and  compound  radicals  follows,  synthetical  and 
analytical  bearings  being  pointed  out,  and  attention 
frequently  directed  to  connecting  or  underlying  truths 
or  general  principles.  The  chemistry  of  siTbstances  met 
with  in  vegetables  and  animals,  or  of  similar  substances 
artificially  produced  (the  so-called  "organic  chemistry  ") 
is  next  considered.  Chemical  toxicology  and  the 
chemical  as  well  as  microscopical  characters  of  morbid 
urine,  urinary  sediments,  and  calculi  are  then  given. 
The  concluding  sections  form  a  laboratory-guide  to 
beginners  in  the  chemical  and  physical  study  of  quan- 
titative analysis.  In  the  Appendix  is  a  long  table  of 
tests  for  impurities  in  medicinal  preparations,  a 
short  one  of  the  saturating-powers  of  acids  and  alkalies 
designed  for  use  in  prescribing  and  dispensing,  and 
an  alphabetical  list  of  elements  and  atomic  weights. 
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In  the  course  of  the  treatment  outlined  in  the  pre- 
ceding paragraph,  it  will  be  observed  that  the  whole  of 
the  elements  are  first  noticed  very  shortly,  to  give  the 
pupil  a  general  view  of  his  course  of  study,  and  after- 
wards at  length  and  thoroughly  ;  that  the  chemistry  of 
the  common  metallic  radicals  precedes  that  of  the 
rarer,  and  that  the  sections  on  the  acidulous  radicals 
are  similarly  divided  ;  while  the  basylous  radicals  are 
arranged  according  to  analytical  relations,  the  common 
acidulous  according  to  exchangeable  value  or  quanti- 
valence,  and  the  rarer  acidulous  radicals  alphabetically. 
By  this  plan  the  more  important  facts  and  principles 
are  repeatedly  brought  under  consideration,  the  points 
of  view,  however,  differing  according  as  interest  is  con- 
centrated on  physical,  synthetical,  analytical,  or  quan- 
titative properties.  This  arrangement  of  matter  was 
adopted,  also,  partly  in  the  belief  that  the  separate  and 
general  truths  of  chemistry  never  do  or  can  enter  the 
mind  in  the  order  of  any  scientific  classification  at 
present  possible.  Chemical  facts  are  not  yet  united 
by  any  single,  consistent  theory.  In  the  current  state 
of  chemical  knowledge,  consistency  in  the  methodical 
arrangement  even  of  elements  can  only  be  carried  out 
in  one  direction,  and  is  necessarily  accompanied  by 
inconsistencies  in  other  directions — a  result  most  per- 
plexing to  learners,  and  hence  totally  subversive  of  the 
chief  advantage  of  classification.  For  this  reason  the 
writer  has  preferred  to  lead  up  to,  rather  than  follow, 
scientific  classification— has  allowed  analogies  and 
affinities  to  suggest,  rather  than  be  suggested  by, 
classification.  Among  the  acidulous  radicals,  especi- 
ally, any  known  system  of  classification  would  have 
given  undue  prominence  to  one  set  of  relations,  and 
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undeserved  obscurity  to  others.  Then,  by  separating 
more  important  from  less  important  matter,  instruction 
is  adapted  to  the  wants  of  gentlemen  whose  oppor- 
tunities of  studying  chemistry  vary  greatly,  and  are 
unavoidably  insufficient  to  enable  them  to  gain  a 
knowledge  of  the  whole  area  of  the  science.  One 
great  advantage  of  the  mode  of  treatment  is,  that 
difficulties  of  nomenclature,  notation,  chemical  con- 
stitution, and  even  those  arising  from  conventionality 
of  language,  are  explained  as  they  arise,  instead  of 
being  massed  under  the  head  of  "  Introductory  Chap- 
ters," "  Preliminary  Considerations,"  or  "  General 
Remarks,"  which  are  not  infrequently  too  difficult 
to  be  understood  by  a  beginner,  too  voluminous  to  be 
remembered  except  by  the  aid  of  subsequent  lessons, 
and  are  consequently  the  cause  of  much  trouble  and 
confusion.  For  an  illustration  of  the  treatment  thus 
adopted  by  the  author,  the  reader  is  referred  to  the 
various  notes  on  chemical  constitution — see  "  Constitu- 
tion," "  Structure,"  etc.,  in  the  Index.  This  plan  has 
also  admitted  of  greater  prominence  being  given  to 
:'  The  General  Principles  of  Chemical  Philosophy,"  the 
only  section  to  which  the  student  is  asked  frequently  to 
return  until  he  finds  himself  naturally  employing  those 
principles  in  the  interpretation  of  the  phenomena 
obtained  by  experiment. 

An  elementary  knowledge  of  the  subjects  of  Gravita- 
tion, Heat,  Light,  Sound,  Electricity,  and  Magnetism 
cannot  be  too  strongly  recommended  to  the  student  of 
chemistry.  The  first  portion  of  this  Manual  would 
have  been  devoted  to  an  exposition  of  these  branches 
of  physics,  so  far  as  they  bear  on  chemistry,  did  not 
the  many  special  books  on  physics  render  such  a  course 


xii 


PBEFACE. 


unnecessary.  Quantitative  chemical  analysis  fre- 
quently involving  determinations  of  temperature, 
specific  gravity,  and  atmospheric  pressure,  a  few 
paragraphs  on  these  subjects  are  made  introductory 
to  the  section  on  quantitative  operations. 

The  theories  that  matter  consists  of  molecules,  and 
that  molecules  consist  of  atoms,  are  freely  adopted  in 
this  book,  the  author  believing  that,  in  the  present 
state  of  knowledge  and  education,  philosophic  con- 
ceptions concerning  chemistry  can  only  be  induced  in 
the  minds  of  medical,  pharmaceutical,  and  general 
students  by  the  aid  of  those  theories. 

The  chemical  notation  of  the  work  is  in  accordance 
with  modern  views.  Equations  illustrative  of  pharma- 
copceial  processes  have,  in  all  important  cases,  a  name 
attached  to  each  formula. 

In  the  first  edition  of  this  Manual,  in  1867,  chemical 
nomenclature  was  modernized  to  the  extent  of  de- 
fining the  alkali-metal  salts  and  the  earthy  com- 
pounds as  those  of  potassium,  sodium,  ammonium, 
barium,  calcium,  magnesium,  and  aluminium,  instead 
of  potash,  soda,  ammonia,  baryta,  lime,  magnesia, 
and  alumina.  The  author  confidently  believes  that 
this  change,  founded  on  views  now  adopted  by  all 
prominent  writers  on  chemistry,  will  ultimately  be 
accepted  by  all  the  various  followers  of  medicine  and 
pharmacy.  It  is  a  step  in  the  direction  of  simplicity 
and  consistency,  and  involves  far  less  hypothesis  than 
is  contained  in  the  old  system.  The  name  nitrate  of 
potash,  for  example,  was  based  on  the  pure  assump- 
tion that  nitre  contained  oxide  of  potassium  or  potash 
and  nitric  anhydride,  then  erroneously  termed  nitric 
acid.    By  the  modern  name,  nitrate  of  potassium,  all 
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that  is  intended  to  be  conveyed  is,  that  nitre  contains 
the  element  common  to  all  potassium  compounds,  and 
the  group  of  elements  common  to  all  nitrates.  Under 
the  old  method,  students  always  experienced  difficulty 
in  distinguishing  salts  of  the  metal  from  salts  of  its 
oxide — salts  of  potassium,  for  instance,  from  salts  of 
potash  ;  under  the  new  view  no  such  difficulty  arises. 
Names  such  as  potassium  nitrate  or  potassic  nitrate 
are  also  consistent  with  modern  views,  but  for 
general  adoption  are  too  unlike  the  original.  The 
contractions  in  Latin  for  names  like  "  nitrate  of 
potassium "  are  identical  with  the  contractions  for 
names  resembling  "  nitrate  of  potash  ;  "  an  accidental 
circumstance  that  will  much  facilitate  the  general  intro- 
duction of  the  former  names  among  the  older  medical 
practitioners  and  pharmacists,  and  a  practical  advan- 
tage that  must  determine  the  choice  over  the  other 
chemically  equivalent  names  just  mentioned.  The 
author  ventures  to  express  some  gratification  that  his 
use  and  advocacy  of  this  system  from  1867  onwards 
resulted  in  its  adoption,  in  1873,  in  the  "  Pharmacopoeia 
of  the  United  States,"  and,  in  1885,  in  the  "  British 
Pharmacopoeia. "  Pharmacy  amongst  English-speaking 
nations  will  thus  sooner  or  later,  in  the  important 
matter  of  chemical  nomenclature,  be  in  accord  with 
the  teachings  of  chemical  science. 

The  metric  system  of  weights  and  measures  (that 
which,  doubtless,  is  destined  to  supersede  all  others) 
is  alone  used  in  the  sections  on  quantitative  analysis. 
In  other  parts  of  the  Manual  avoirdupois  weights  and 
imperial  measures  are  employed,  necessarily. 

It  is  hoped  that  the  numerous  etymological  references 
scattered  throughout  the  following  pages  will  be  found 
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useful.  Words  in  Greek  continue  to  be  rendered,  by 
special  request,  in  English  characters,  letter  for  letter. 
The  word  "  official "  is  used  throughout  for  things 
recognised  officially  by  the  compilers  of  Pharmacopoeias ; 
"  officinal,"  in  its  original  application  to  the  officina, 
or  shop. 

Students  are  strongly  recommended  to  test  their  pro- 
gress by  frequent  examination.  To  this  end  appropriate 
questions  are  appended  to  each  subject. 

The  author's  ideal  of  a  manual  of  chemistry  for 
medical  and  pharmaceutical  students  is  one  in  which 
not  only  the  science  of  chemistry  is  taught,  but  in  which 
the  chemistry  of  every  substance  having  interest  for  the 
followers  of  medicine  and  pharmacy  is  noticed  at  more 
or  less  length  in  proportion  to  its  importance,  and  at 
least  its  position  in  relation  to  the  leading  principles  of 
chemistry  set  forth  with  all  attainable  exactness.  The 
extent  to  which  he  has  realized  this  ideal  he  leaves  to 
others  to  decide.    Such  a  work  will  doubtless  in  certain 
parts  partake  of  the  character  of  a  dictionary  ;  but  this 
is  by  no  means  a  fault,  especially  if  a  good  index  be 
appended  ;  for  the  points  of  contact  between  pure  and 
applied  chemistry  are  thus  multiplied,  and  abundant 
outlets  supplied,  by  which  a  lover  of  the  science  may 
pass  into  other  chemical  domains  by  aid  of  other  guides, 
or  even  into  the  regions  of  original  research.  Among 
the  rarer  alkaloids,  bitter  bodies,  glucosides,  salts  of 
organic  radicals,  solid  fats,  fixed  oils,  volatile  oils, 
resins,  oleo-resins,  gum-resins,  balsams,  and  colouring- 
matters  mentioned  in  this  volume,  will  be  found  many 
such  points  whence  the  ardent  student  may  start  for 
the  well-known,  the  less-known,  or  the  untrodden  paths 
of  scientific  chemistry. 
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Within  twenty-six  years  a  demand  has  arisen  for 
fifteen  large  editions  of  this  Manual.  The  First,  in 
1867,  was  intended  as  a  handbook  of  practical  chemistry 
only ;  but  the  notes  and  remarks  made  respecting  most 
of  the  experiments  were  found  to  be  so  useful  by 
students  that  this  portion  of  the  volume  was  in  the 
Second  Edition  (1869)  sufficiently  extended  to  render 
the  book  more  fairly  complete  in  itself.  It,  and  all  sub- 
sequent editions,  included  the  Chemistry  of  the  British 
Pharmacopoeia.  In  response  to  a  call  from  professional 
friends  in  the  United  States  in  1870,  the  work  was 
revised  by  the  author  for  the  followers  of  Medicine 
and  Pharmacy  in  America,  the  Chemistry  of  the  Pre- 
parations and  Materia  Medica  of  the  United  States 
Pharmacopoeia  being  introduced,  while  those  specially 
British  were  omitted,  and  such  other  adaptations  were 
included  as  to  form  a  Third  Edition.  A  Fourth  was 
presented  to  English  workers  in  1872,  and,  founded 
on  the  fourth,  a  Fifth  Edition  for  American  students 
in  1873.  A  very  large  Sixth  Edition  was  published 
in  England  in  1875,  and  in  America  a  Seventh  in 
1876  and  an  Eighth  in  1879,  the  Sixth  and  aU  follow- 
ing Editions  containing  notices  of  substances  official  in 
the  Indian  Pharmacopoeia.  The  Ninth,  1881,  was  an 
English  Edition  ;  the  Tenth,  1883,  an  American  ;  the 
Eleventh,  1885,  English  ;  the  Twelfth,  1889,  American  ; 
the  Thirteenth,  1889,  English  ;  the  Fourteenth,  Ameri- 
can. 

The  present,  Fifteenth,  Edition  contains  such  altera- 
tions and  additions  as  seemed  necessary  for  the  demon- 
stration of  the  latest  developments  of  chemical  principles 
and  the  latest  applications  of  chemistry  to  pharmacy. 
Hence,  even  if  compared  with  the  preceding  English 


xvi 


PREFACE. 


edition,  on  nearly  every  page  will  be  found  some  indi- 
cation of  the  recent  rapid  growth  of  the  science  and 
the  art  of  chemistry.  On  the  other  hand,  synthetical 
and  analytical  processes  which  have  become  more  or 
less  superseded  have  been  either  omitted  or  described 
less  fully.  The  whole  work  has  thus  been  kept  within 
the  limits  of  a  learner's  manual,  while  the  author  has 
endeavoured  faithfully  to  portray  the  present  relation- 
ship of  chemistry  to  at  least  those  areas  of  medicine  and 
pharmacy  with  which  students  should  become  familiar 
in  the  days  of  their  studentship.  The  voluminous  Index 
will  maintain  the  usefulness  of  the  book  to  them  after- 
wards in  the  course  of  the  practice  of  their  respective 
callings. 

The  author  is  indebted  to  his  assistants,  Mr.  Frederick 
William  Short,  B.  Sc.  Lond.,  and  Mr.  Eustace  Harold 
Gane,  and  to  his  son  Dr.  D.  Harvey  Attfield,  M.A., 
D.P.H.,  Cantab.,  for  much  valuable  help  in  preparing 
this  edition  for  the  press. 

17,-  Bloomsbury  Square,  London, 
October  2nd,  1893. 


ADVICE  TO  STUDENTS 


RESPECTING  THEIR  OBJECT  IN  STUDYING. 


It  is  unnecessary  to  advise  you  to  avoid  studying  chemistry, 
or  indeed  any  subject,  merely  by  way  of  "preparation  for  ex- 
amination." You  will  not  so  mistake  the  means  for  the  end. 
You  are  studying  to  fit  yourself  for  your  position  in  the  world. 
Work  diligently,  study  thoughtfully  and  deliberately  ;  above 
all,  be  thorough ;  otherwise  your  knowledge  will  be  inaccurate 
and  transient,  and  will  be  unaccompanied  by  that  enlighten- 
ment of  the  understanding,  that  mental  training,  mental  dis- 
cipline, and  general  elevation  of  the  intellect  which  constitute, 
in  a  word,  education.  When  you  are  thus  educated,  you  will 
with  ease  and  pleasure  pass  any  examination  in  the  know- 
ledge you  have  thus  acquired. 

All  authorities  on  education,  whether  statesmen,  teachers, 
or  examiners,  regard  "  Examination,"  even  by  the  most  highly 
skilled  "  Board,"  with  ample  time  at  its  disposal  and  a  wide 
area  from  which  to  select  questions,  as  but  a  partial  test  of 
knowledge,  and  an  imperfect  test  of  education.  It  is  the 
least  unsatisfactory,  however,  that  has  been  devised,  and  is 
especially  useful  when,  following  instead  of  leading  education, 
it  is  restricted  to  the  subjects  of  a  well-defined,  earnestly 
followed,  compulsory  public  curriculum  of  study — a  curri- 
culum directed  by  a  competent  representative  body,  ad- 
ministered by  properly  qualified  teachers,  and  followed  by 
pupils  who  have  had  sound  preliminary  training. 

Students !  in  all  honour  and  in  the  highest  self-interest, 
take  care  that  any  inefficiencies  inseparable  from  "  examina- 
tion "  are  abundantly  compensated  by  the  extent  and  pre- 
cision of  your  knowledge,  and  by  the  soundness  and 
thoroughness  of  your  whole  education. 
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APPARATUS. 


LIST  OF  APPARATUS  FOR  EXPERIMENTS  IN  ANALYSIS. 


List  of  Apparatus  suitable  for  the  three  months'  course  of  practical 
chemistry  in  the  summer  session  of  medical  schools,  or  for  any  similar 
series  of  lessons  —including  the  preparation  of  elementary  gases,  analyti- 
cal reactions  of  common  metals  and  acidulous  radicals,  analysis  of  single 
salts,  chemical  toxicology,  and  the  examination  of  urine,  urinary  sedi- 
ments, and  calculi : — 


One  dozen  test-tubes. 

Test-tube  stand. 

Test-tube  cleaning-brush. 

A  few  pieces  of  glass  tubing,  8  to 
16  in.  long,  with  a  few  inches  of 
india-rubber  tubing  to  fit. 

Small  flask. 

Two  small  beakers. 

Two  small  funnels. 

Two  watch  glasses. 

Two  or  three  glass  rods. 

Wash-bottle. 

Small  pestle  and  mortar. 

A  2-pint  earthenware  basin. 


A  2-inch  and  a  3-inch  evap.  basin. 

Two  porcelain  crucibles. 

Blowpipe. 

Crucible  tongs. 

Round  file. 

Triangular  file. 

Small  retort-stand. 

Sand-tray. 

Wire  triangles. 

Platinum  wire  and  foil. 

Test-papers. 

Filter-paper. 

Towel. 

Two  dozen  corks. 


(This  set,  packed  in  a  case,  can  be  obtained  of  any  chemical-apparatus 
maker  for  12s.  6d.  to  15s.) 


LIST  OF  APPARATUS  FOR  EXPERIMENTS  IN  SYNTHESIS  AND  ANALYSIS. 


A  larger  set,  suitable  for  the  performance  of  most  of  the  synthetical  as 
well  as  qualitative  analytical  experiments  described  in  this  manual : — 


A  set  of  evaporating-basins,  of  the 
following  sizes  : — 

One  8J-inch.       One  4-inch. 

One  7|-inch.       Two  3-inch. 

One  6|-inch. 
One  retort-stand  and  three  rings. 
Two  test-glasses. 
One  half-pint  flask. 
Half  a  quire  of  filter-paper. 
Two  porcelain  crucibles. 
One  measure-glass,  5  oz. 
Blowpipe,  8-inch. 
Two  glass  funnels. 
One  doz.  test-tubes  (hard  glass). 
One  test-tube  brush. 


One  pair  of  8-inch  brass  crucible 

tongs. 
Two  soup-plates. 
One  flat-plate. 
Two  spatula  knives. 
One  pair  of  scissors. 
One  round  file. 
One  triangular  file. 
Half  a  pound  of  glass  rod. 
Half  a  pound  of  glass-tubing,  [ing. 
One  foot  of  small  india-rubber  tub- 
Three  dozen  corks  of  various  sizes. 
Platinum  wire  and  foil. 
Test-papers. 
A  nest  of  three  beakers. 


(This  set,  packed  in  a  case,  can  be  obtained  of  any  chemical-apparatus 
maker  for  '25s.  to  30«.) 

A  sponge,  towels,  and  a  note-book  may  be  included. 
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APPARATUS  AND  REAGENTS. 


LIST  OF  FURNITURE  OF  A  CHEMICAL  LABORATORY. 

The  following  apparatus  should  be  ready  to  hand  for  students  following 
an  extended  course  of  practical  chemistry,  in  a  room  set  apart  for  the 
purpose : — 


A  bench  or  table  and  stool. 

Water-supply  and  waste-pipe. 

A  cupboard  attached  to  a  chimney 

with  an  outward  draught. 
A  furnace  fed  with  coke;  tongs, 

hot-plate  or  sand-bath,  etc. 
A  waste-box. 

Shelves  for  chemical  and  other 
materials  in  jars  or  bottles. 

Gas-supply  and  lamp  with  flexible 
tube  (or  a  spirit-lamp  and  spirit). 


Test-tube  rack,  two  dozen  holes. 

Iron  stand  or  cylinder  for  support- 
ing large  dishes. 

Iron  adaptors  for  fitting  dishes  to 
cylinder. 

Pestle  and  mortar,  5  or  6  inches. 

One  6-inch  funnel. 

Brown  pan,  1  or  2-gallon. 

White  jug,  1 -gallon. 

Water-bottle,  quart. 

Twenty-eight  test-bottles,  6  oz. 


Other  articles,  such  as  flasks,  retorts,  receivers,  condensers,  large 
evaporating-dishes,  may  be  obtained  as  wanted.  In  Quantitative 
Analysis  the  apparatus  described  in  the  sections  on  that  subject  will  be 
required. 


LIST  OF  FLUID  REAGENTS. 

Certain  chemical  substances  are  used  so  frequently  in  analytical  pro- 
cesses that  it  is  desirable  to  have  small  quantities  placed  in  bottles  in 
front  of  the  operator  (see  page  7).  As  these  reagents  are  generally  em- 
ployed in  a  state  of  solution,  nearly  all  the  solid  salts  may  at  once  be 
dissolved  (in  distilled  water).  The  bottles  employed  should  be  well 
stoppered,  and  of  5  or  6  ounces  capacity.  Common  glass  bottles  of  this 
size  may  be  had  for  about  four  shillings  per  dozen.  The  bottles  should 
not  be  more  than  about  three-quarters  full ;  single  drops,  if  required, 
can  then  be  poured  out  with  ease  and  precision.  The  following  list  of 
test-solutions  is  recommended ;  directions  for  methods  of  preparing  the 
substances  not  readily  purchasable  will  be  found  by  referring  to  the 
Index  :  — 


Sulphuric  Acid,  strong. 
Nitric  Acid,  strong. 
Hydrochloric  Acid,  strong. 
Acetic  Acid,  strong. 


Sol.  of  Potash,  5  per  cent,  or  B.P. 

„    Soda,  5  to  15  per  cent. 

„  Amnion.,  10  percent,  or  B.P. 
Lime-water,  saturated. 


The  next  nine  may  contain  about  10  per  cent,  of  solid  salt: — 


Carbonate  of  Ammonium,  with  a 
little  solution  of  Ammonia 
added. 

Chloride  of  Ammonium. 

Phosphate  or  Arseniate  of  Am- 
monium. 


Sulphydrate  of  Ammonium. 
Cbloride  of  Barium. 
Chloride  of  Calcium. 
Phosphate  of  Sodium. 
Neutral  Chromate. 
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The  succeeding  seven  may  have  a  strength  of  about  5  per  cent. : — 


Ferrocyanide  of  Potassium. 
Ferricyanide  of  Potassium. 
Iodide  of  Potassium. 
Oxalate  of  Ammonium. 


Perchloride  of  Iron. 
Nitrate  of  Silver. 
Perchloride  of  Platinum. 


LISTS   OF  SOLID   CHEMIOAL   SUBSTANCES   FOB  STUDY. 


List  of  chemical  substances  necessary  for  the  practical  study  of  the 
non-metallic  elements  mentioned  on  pp.  1  to  23.  The  quantities  are 
sufficient  for  several  experiments. 


Chlorate  of  Potassium    .    .  1  oz. 

Black  Oxide  of  Manganese  .  1  oz. 

Zinc   1  oz. 

Oil  of  Vitriol   2  oz. 


Phosphorus  i  oz. 

Hydrochloric  Acid  .    .    .    .  1  oz. 

Sulphur  \  oz. 

Iodine  \  oz. 


List  of  chemical  substances  necessary  for  the  analytical  study  of  the 
important  metallic  and  acidulous  radicals  (pp.  63  to  451).  The  quan- 
tities will  depend  on  the  frequency  with  which  experiments  are  repeated 
or  analyses  performed  ;  those  mentioned  are  sufficient  for  one  or  two 
students.  The  articles  are  given  in  the  order  in  which  they  will  be  re- 
quired.   The  eight  substances  mentioned  in  the  above  list  are  included. 


The  set  of  test- solutions  described 
in  the  previous  section. 


Carbonate  of  Potassium  .    .  1  oz. 

Tartaric  Acid   1  oz. 

Litmus   J  oz. 

Sulphate  of  Magnesium.    .  1  oz. 

Sulphate  of  Zinc    .    .    .    .  1  oz. 

Alum   1  oz. 

Sulphide  of  Iron    ....  1  lb. 

Oak-galls   1  oz. 

Sulphocyanate  of  Potassium  J  oz. 

White  Arsenic   £  oz. 

Zinc   \  lb. 

Charcoal   £  lb. 

Sulphate  of  Iron    .    .    .    .  1  oz. 

Copper  Foil   1  oz. 

Sulphate  of  Copper    .    .    .  1  oz. 

Tartar  Emetic   A  oz. 

Mercury   1  oz. 

Corrosive  Sublimate   .    .    .  J  oz. 


Calomel   i  oz. 

Tin   1  oz. 

Bicarbonate  of  Potassium   .  1  oz. 

Acetate  of  Lead     .    .    .    .  1  oz. 

Cyanide  of  Potassium     .    .  £  oz. 

Hyposulphite  of  Sodium  .  1  oz. 
A  Lithium  Salt     ....  10  grs. 

Nitrate  of  Strontium  .    .    .  J  oz. 

Black  Oxide  of  Manganese  .  £  lb. 

Chloride  of  Manganese  .  .  J  oz. 
Chloride  of  Cobalt  .   .    .    .50  grs. 

Nitrate  of  Nickel   .    .    .    .  J  oz. 

Chloride  of  Chromium  .    .  \  oz. 

Gold  leaves  2  or  3. 

Chloride  of  Cadmium ...  J  oz. 

Nitrate  of  Bismuth    .    .    .  \  oz. 

Bromide  of  Potassium    .    .  |  oz. 

Starch   1  oz. 

Nitrate  of  Potassium  ...  1  oz. 

Copper  borings  or  turnings  .  1  oz. 

Indigo   \  oz. 
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Chlorate  of  Potassium  .    .  1  oz. 

Iodine   |  oz. 

Spirit  of  Wine   1  oz. 

Sulphur   1  oz. 

Acid  Oxalate  of  Potassium.  1  oz. 

Citric  Acid   1  oz. 

Phosphorus   1  oz. 


Borax  1  oz. 

Turmeric  J  oz. 

Benzoic  Acid  50  grs. 

Fluor  Spar  1  oz. 

Tannic  Acid  50  grs. 

Gallic  Acid  50  grs. 

Pyrogallic  Acid    ....  50  grs. 


The  quantities  of  materials  required  for  the  study  of  chemistry  syn- 
thetically will  necessarily  vary  with  the  desires  and  tastes  of  the  operator, 
or  according  to  the  number  and  requirements  of  students  working 
together. 

The  materials  that  will  be  needed  for  the  home-study  of  organic 
chemistry  will  vary  with  the  requirements  of  the  student.  By  the  time 
he  has  qualified  himself  for  a  preliminary  experimental  course  in  that 
section  of  the  science  he  may  trust  largely  to  his  own  judgment  as 
regards  both  materials  and  apparatus. 
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CHEMISTRY : 

GENERAL,  MEDICAL,  AND  PHARMACEUTICAL. 


INTRODUCTION* 

Man  can  neither  create  matter  nor  destroy  matter,  he  can 
only  alter  its  form — alter  the  relation  of  its  elements  to 
each  other,  or  note  similar  alterations  proceeding  within  and 
around  him  in  Nature.  To  study  those  alterations,  in  all 
their  known  length  and  breadth  and  depth,  is  to  study 
Chemistry. 

The  infinite  varieties  of  solid,  liquid,  and  gaseous  matter 
of  which  our  earth  and  atmosphere  are  composed  may  be 
resolved,  with  more  or  less  difficulty,  into  a  very  few  distinct 
substances  appropriately  termed  Elements,  for  by  no  known 
means  -can  they  be  further  decomposed.  About  seventy  of 
these  Elements  have  been  proved  to  exist.  Some  (such  as 
gold)  occur  naturally  in  the  uncombined  state ;  but  the 
greater  number  are  combined  in  so  subtle  a  manner  as  to 
conceal  them  from  ordinary  methods  of  observation.  Thus 
none  of  the  common  properties  of  water  indicate  that  it  is 
composed'  of  two  elements,  both  gases,  but  differing  much 
from  each  other :  nor  can  the  senses  of  sight,  touch,  and 
taste,  or  other  common  means  of  examination,  detect  in  their 
concealment  the  three  elements  of  which  sugar  is  composed. 
The  art  by  which  these  and  all  other  compound  substances 
are  resolved  into  their  elements  is  termed  Chemistry,  a 
name  derived  possibly  from  the  Arabic  word  Jcamai,  to  con- 

*  Students  using  this  book  as  a  guide  in  following  chemistry  practi- 
cally, should  read  the  first  four  pages,  and  then  commence  work  by 
preparing  oxygen.  All  students  should  read  the  prefatory  pages,  especi- 
ally the  page  of  "  Advice  to  Students." 
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DEFINITIONS. 


ceal,*  The  art  of  Chemistry  also  includes  the  construction 
of  compounds  from  elements,  and  the  conversion  of  sub- 
stances of  one  character  into  those  of  another.  The  general 
principles  or  leading  truths  relating  to  the  elements,  to  the 
manner  in  which  they  severally  combine,  and  to  their  pro- 
perties when  combined,  that  is,  to  the  properties  of  the  com- 
pound substances  formed  by  their  union,  constitute  the  science 
of  Chemistry.f 

*  The  idea  that  common  metals  contained  valuable  metals  concealed 
within  them  was  the  one  seed  from  which  mainly  sprung  chemical 
knowledge.  The  men  who  endeavoured  to  find  the  secret  of  such  con- 
cealment were  appropriately  termed  alchemists,  and  their  efforts  spoken 
of  as  alchemy  (al  kimia,  from  kamai,  to  conceal).  Their  persistent 
labours,  generation  after  generation,  were  unsuccessful  so  far  as  the 
transmutation  of  baser  metals  into  gold  was  concerned,  yet  were  invalu- 
able to  post  erity ;  for  new  substances  were  discovered  and  truths  of 
nature  unveiled:  from  these  discoveries  multiplication  of  discoveries 
resulted,  and  thus  grew  the  still  growing  branch  of  knowledge  called 
Chemistry. 

f  Persons  who  practise  the  art  and  science  of  Chemistry  are  known 
as  Chemists.  Some  two  hundred  or  more  years  ago,  and  before  Chemistry 
was  a  science,  the  only  "  Chemists  "  were  the  makers  and  vendors  of 
chemical  substances,  then  only  used  as  medicines.  They  were  the 
successors  of  the  Alchemists.  In  Great  Britain  these  chemists  and  the 
herb-dealers,  otherwise  drug-grocers,  otherwise  drug-gists,  gradually 
associated  to  form  the  "  Chemist  and  Druggist."  Between  the  "  Chemist 
and  Druggist"  and  the  Physician  there  existed  the  Apothecary— the 
putter  together  of  medicines,  or  compounder  of  physicians'  prescriptions. 
The  Apothecary  has  since  become  a  medical  practitioner,  prescriptions 
being  now  "  made  up  "  by  the  Chemist  and  Druggist.  The  latter  in 
Great  Britain,  since  the  year  1868,  has  the  title  of  Chemist  and  Dmrigisi, 
his  higher  title  being  Pharmaceutical  Chemist;  these  respective  designa- 
t'ons  he  legally  assumes  on  passing  the  Minor  and  Major  Examinations 
conducted  by  the  Pharmaceutical  Society  of  Great  Britain,  in  accordance 
with  the  provisions  of  the  Pharmacy  Acts  of  1852  and  18G8.  The  whole 
class  is  often  spoken  of  as  that  of  Pharmacists  or  Pharmaceutists,  terms 
also  used  in  the  United  States.  Other  classes  of  Chemists  are  the 
Analytical  Chemists,  who  give  special  attention  to  analysis ;  Manufactur- 
ing Chemists,  who  restrict  their  labours  to  the  preparation  of  chemical 
substances;  while  others  devote  a  portion  of  their  knowledge  and 
energies  to  Chemical  Education  or  to  Chemical  Besearch,  or  are  appealed 
to  as  Consulting  Chemists  by  the  persons,  firms,  corporations,  or  govern- 
ments needing  chemical  advice  respecting  industrial  processes,  hygienic 
matters,  etc.  The  callings  of  the  Consulting  and  Analytical  Chemist  nre 
generally  united  ;  and  the  professional  gentlemen  who  follow  these  con- 
joint avocations  also' not  infrequently  occupy  professorial  or  other  tutorial 
positions,  sometimes  adding  to  these  labours  more  or  less  work  at  original 
chemical  research.    In  England,  Scotland,  and  Ireland,  nearly  all  the 
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From  these  few  words  concerning  the  nature  of  the  art 
and  science  of  chemistry,  it  will  be  seen  that  in  most  of  the 
occupations  that  engage  the  attention  of  man,  Chemistry 
plays  an  important  part— in  few  more  so  than  in  the  practice 
of  Therapeutics*  and  of  Pharmacy.! 

Air,  water,  food,  drugs,  and  chemical  substances,  in  short, 
all  material  things,  are  composed,  as  stated,  of  Elements. 
An  intimate  knowledge  of  the  properties  of  the  more  im- 
portant Elements,  both  in  the  free  and  in  the  combined  state, 
and  of  the  various  substances  they  form  when  they  have  com- 
bined with  each  other,  some  knowledge  or  idea  of  the  power 
or  force  (the  chemical  force  or  chemical  affinity)  by  which 
the  elements  contained  in  the  compounds  are  held  together, 
and  an  application  of  such  knowledge  to  Pharmacjr  and 
Medicine,  must  be  the  objects  sought  to  be  attained  by  the 
learner  for  whom  especially  this  book  has  been  written. 


The  Elements.  —  Of  the  seventy  or  so  known  elements, 
about  forty  are  of  medical  or  pharmaceutical  interest ;  of 
these,  two-thirds  are  metals,  and  one-third  non-metals ;  the 
remainder  %  are  so  seldom  met  with  in  Nature  as  to  have 
received  no  practical  application,  either  in  Medicine,  Art,  or 
Manufacture.  Before  intimately  studying  the  Elements,  it 
is  desirable  to  acquire  some  general  notions  concerning  them  : 

leading  professional  Chemists  are  Fellows  of  the  Institute  of  Chemistry 
of  Great  Britain  and  Ireland. 

*  Therapeutics  (0epa7retm/c6s,  thcrapcutikos,  from  depawevw,  therapeud, 
I  nurse,  serve,  or  cure)  is  that  branch  of  medicine  which  treats  of  the 
application  of  remedies  for  diseases.  The  therapeutist  also  takes 
cognisance  of  hygiene — that  department  of  medicine  which  respects  the 
preservation  of  health — and  of  dietetics,  the  subject  of  diet  or  food.  By 
pharmacology  is  understood  the  normal  action  of  drugs  upon  the  system, 
as  underlying  the  therapeutic  action. — Physics,  see  p.  38. 

f  Pharmacy  (from  <p6.pp-a.Kov ,  pharmakon,  a  drug)  is  the  generic  name 
for  the  operations  of  preparing  or  compounding  medicines,  whether  per- 
formed by  the  Medical  Practitioner  or  by  the  Chemist  and  Druggist.  It 
is  also  sometimes  applied,  like  the  corresponding  term  Surgery,  to  the 
apartment  in  which  the  operations  arc  conducted.  Pharmacognosy  is  the 
study  of  the  crude  drugs  of  the  vegetable  and  animal  kingdom. 

;  A  list  of  the  elements  will  be  found  at  the  end  of  the  Volume. 
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such  a  procedure  will  also  serve  to  introduce  the  practical 
student  to  his  apparatus,  and  make  him  better  acquainted 
with  the  various  methods  of  manipulation.* 

Metallic  Elements. — With  regard  to  the  metallic  elements, 
it  may  safely  be  assumed  that  the  reader  has  sufficient  know- 
ledge for  present  purposes ;  but  little,  therefore,  need  now 
be  said  respecting  them.  He  has  an  idea  of  the  appearance, 
relative  weight,  hardness,  etc.,  of  such  metals  as  gold,  silver, 
copper,  lead,  tin,  zinc,  and  iron.  If  he  has  not  a  similar 
knowledge  of  mercury,  antimony,  arsenium,  platinum,  nickel, 
aluminium,  magnesium,  potassium,  and  sodium,  he  should 
embrace  the  earliest  opportunity  of  seeing  and  handling 
specimens  of  each  of  these  metals. 

Non-Metallic  Elements,  wrongly  termed  Metalloids.— -With 
regard  to  the  non-metallic  elements,  it  is  here  supposed  that 
the  student  has  no  general  knowledge.  He  should  commence 
his  studies,  therefore,  by  a  series  of  operations  as  follows, 
on  eight  of  their  number. 


OXYGEN. 

Preparation,— Oxygen  is  the  most  abundant  element  in 
nature,  forming  (in  a  state  of  combination)  about  one-hall' 
of  the  whole  weight  of  our  globe.  To  obtain  it  for  experi- 
mental purposes  all  that  is  necessary  is  to  apply  heat— that 
force  which  will  often  be  noticed  as  antagonistic,  so  to  speak, 
to  chemical  union:  heat  generally  separating  particles  of 
matter  further  from  each  other,  while  chemical  attraction 

*  This  allusion  to  apparatus  need  not  discourage  the  youngest  pupil. 
With  the  aid  of  a  few  phials,  wine-glasses,  or  other  similar  vessels, 
always  at  hand,  he  may,  by  studying  the  following  pages,  learn  the 
chemical  reactions  which  are  constantly  occurring  m  the  course  of 
making  up  medicine,  understand  the  processes  by  which  medicinal  pre- 
parations are  manufactured,  and  detect  adulterations,  impurities  or 
faults  of  manufacture.  Among  the  substances  used  in  medicine  will  be 
found  nearly  all  the  chemical  materials  required.  If,  in  addition  a 
dozen  test-tubes  and  a  few  feet  of  glass  tubing  be  procured,  many  of  the 
experiments  described  may  be  performed.  For  full  lists  of  apparatus 
and  chemical  materials,  sec  the  introductory  pages. 
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tends  to  bind  them  closer  together — to  heat  certain  com- 
pounds containing  oxygen  ;  the  latter  is  then  evolved  in  its 
normal,  natural  gaseous  condition.  Several  substances,  when 
heated,  yield  oxygen ;  but,  for  convenience  of  students,  the 
crystalline  body  known  as  chlorate  of  potassium  is  best 
fitted  for  the  experiment.  The  size  and  form  of  the  vessel 
in  which  to  heat  it  will  mainly  depend  on  the  quantity  re- 
quired ;  but  for  the  purposes  of  the  student  the  best  is  a  test- 
tube,  an  instrument  in  constant  requisition  in  studying 
practical  chemistry.  It  is  simply  a  tube  of  thin  glass,  a 
few  inches  in  length,  and  half  or  three-quarters  of  an  inch 
in  diameter,  closed  by  fusion  at  one  end.  It  is  made  of  thin 
glass,  in  order  that  it  may  be  rapidly  heated  or  cooled  with- 
out risk  of  fracture.    (See  figs.  3  and  4.) 

Outline  of  the  Process.— Heat  chlorate  of  potassium  (say, 
as  much  as  will  lie  on  a  shilling)  in  a  test-tube,  by  means  of 
a  spirit,  or  gas-flame  ;  gaseous  oxygen  is  quickly  evolved. 
Before  applying  heat,  however,  provision  should  be  made  for 
collecting  the  gas. 

Collection  of  Gases  (see  fig.  3). — Procure  a  piece  of  glass 
tubing  about  the  thickness  of  a  quill  pen,  and  a  foot  or 
eighteen  inches  long,  and  fit  it  to  the  test-tube  by  means  of 
a  cork,  in  the  following  manner.  (Longer  tubes  may  be 
neatly  cut  to  any  size  by  smartly  drawing  the  edge  of  a 
triangular  file  across  the  glass  at  the  required  point,  then 
clasping  the  tube,  the  scratch  being  between  the  hands,  and 
pulling  the  portions  asunder,  force  being  exerted  in  a  slightly 
curved  direction,  so  as  to  open  out  the  crack  which  the  file 
has  commenced.)  The  tube  is  fixed  in  the  cork  through  a 
round  hole  made  by  the  aid  of  a  red-hot  wire,  or,  better,  by  a 
rat-tail  file,  or,  best  of  all,  by  one  of  a  set  of  cork-borers — 
pieces  of  brass  tubing  sharpened  at  one  end  and  having  a 
flat  head  at  the  other.  Fit  the  cork  and  test-tube  to  each 
other  accurately  and  closely,  but  not  so  tightly  as  to  break 
the  test-tube.  Setting  aside  the  test-tube  for  a  few  minutes, 
proceed  to  bend  the  long  piece  of  tubing  to  the  most  con- 
venient shape  for  collecting  the  gas. 
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To  Bend  Glass  Tubes. — Hold  the  part  of  the  tube  required 
to  be  bent  in  any  gas-  or  spirit-flarne  (a  fish-tail  gas-jet,  for 
example,  fig.  1),  constantly  rotating  it,  so  that  about  an 
inch  of  the  glass  becomes  heated.    It  will  soon  be  felt  to 

Fig.  1. 


SOFTENING  AND  BENDING  GLASS  TUBES. 


Fig. 


soften,  and  will  then,  yielding  to  the 
gentle  pressure  of  the  fingers,  assume 
any  required  angle.  In  the  present 
case,  the  tube  should  be  heated  at 
about  four  inches  from  the  extremity 
to  which  the  cork  is  attached,  and 
bent  to  an  angle  of  90  degrees  (fig.  2). 

Source  of  Heat. — The  source  of 
heat  for  the  test-tube  may  be  the 
flame  of  an  ordinary  spirit-lamp,  or, 
still  better,  where  coal-gas  is  procur- 
able, a  mixture  of  the  latter  with  air. 
Gas-lamps,  especially  constructed  to 
burn  a  mixture  of  coal-gas  and  air, 
are  sold  by  chemical  apparatus  manu- 
facturers.   (See  figs.  3  and  7.) 

Collection,  etc.  (continued).— Fit  the  cork  and  bent  tube 
into  the  test-tube  ;  the  apparatus  will  then  be  ready  for  de- 
livering gas  at  a  convenient  distance  from  tbe  heated  portion 
of  the  arrangement.  To  collect  it,  have  ready  three  or  four 
test-tubes  (or  small  wide-mouthed  bottles)  filled  with  water, 
and  inverted  in  a  basin,  or  other  vessel,  also  containing 
water,  taking  care  to  keep  the  mouths  of  the  still  lull  tubes 
a  little  below  the  surface.  Now  apply  heat  to  the  chlorate 
contained  in  the  test-tube,  and  so  arrange  the  open  end  of 
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Fig.  3. 


Ill  lllllHl  i1' 


This  engraving  represents  the  preparation,  collection,  and  storage  of 
small  quantities  of  oxygen  gas.  A  test-tube  and  bent  glass  tube,  joined 
together  by  a  perforated  cork,  are  supported  by  the  arm  of  an  iron  stand. 
(The  apparatus  might  be  held  by  the  fingers).  The  tube  is  heated  by  a 
gas-lamp.  (The  spirit-lamp  shown  at  back  might  be  used  instead.)  Gas 
evolved  from  the  heated  substance  in  the  test-tube  is  displacing  water 
from  an  inverted  test-tube.  Spare  tubes  in  a  test-tube  rack  are  at  hand, 
and  tubes  already  filled  are  set  aside  till  wanted.  A  nest  of  cork-borers, 
a  round  file,  a  triangular  file,  and  a  test-tube  cleaning  brush  are  lying  on 
the  table  or  student's  bench.  Below  are  cupboards  for  apparatus,  above 
are  bottles  containing  testing  liquids,  etc. 
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the  bent  tube  under  the  water  that  the  gas  which  presently 
escapes  with  effervescence  from  the  melted  chlorate  may 
pass  out  from  the  free  end  of  the  tube,  and  may  bubble  into 
and  gradually  fill  the  previously  water-filled  inverted  test- 
tubes.  The  first  tubeful  may  be  rejected,  as  it  probably 
consists  of  little  more  than  the  air  originally  in  the  appa- 
ratus, and  which  has  been  displaced  by  the  oxygen.  That 
which  comes  afterwards  will  be  pure  oxygen. 

As  each  tube  or  bottle  becomes  full,  close  its  mouth  (still 
under  the  surface  of  the  water)  by  a  cork  and  then  set  it 
aside ;  or  a  little  cup  (such  as  a  porcelain  crucible  or  small 
gallipot)  may  be  brought  under  the  mouth,  and  the  cup, 
with  the  mouth  of  the  tube  in  it,  be  lifted  out  of  the  water 
and  placed  close  by  till  wanted,  the  water  remaining  in  the 
cup  effectually  preventing  the  gas  from  escaping. 

On  the  large  scale,  oxygen  may  be  made  in  the  same  way, 
larger  vessels  (glass  flasks  or  iron  bottles)  being  employed. 
Less  heat  also  will  be  necessary  if  the  chlorate  of  potassium 
be  previously  mixed  with  very  fine  sand,  or,  still  better,  with 
about  an  equal  weight  of  common  black  oxide  of  manganese. 

Note  on  the  Collection  and  Storage  of  Gases. — It  may  be 
as  well  to  state,  that  nearly  all  gases,  whether  for  experi- 
mental or  practical  purposes,  are  collected  and  stored  in  & 
similar  manner.  Even  coal-gas  is  generated  at  gas-works  in 
iron  retorts  very  much  the  shape  of  test-tubes,  only  they  are 
as  many  feet  long  as  a  test-tube  is  inches;  and  the  well- 
known  gigantic  gas-holders  may  be  viewed  as  inverted  iron 
test-tubes  of  great  diameter. 

Properties. — Free  oxygen  is  a  colourless  gas.  Cailletet 
and  Pictet  succeeded  in  liquefying  it,  and  Wroblewski  and 
Obszewski  have  obtained  it  in  some  amount  as  a  definite, 
colourless,  transparent  fluid.  Obviously  it  is  nol  very  soluble 
in  water,  or  the  gas  coukl  not  bo  collected  by  the  aid  of  thai 
liquid.  Oxygen  is  soluble  to  a  certain  extont,  however  (about 
3  volumes  in  100,  at  common  temperatures),  or  fishes  could 
not  breathe.  Other  noticeable  negative  features  are  its  want 
of  taste  and  smoll. 
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To  show  the  relation  of  oxygen  to  combustion,  remove  one 
of  the  tubes  from  the  water  by  placing  the  thumb  over  its 
mouth,  and  apply  for  a  second  a  lighted  wood  match  to  the 
orifice  ;  the  gas  will  be  found  to  be  incombustible.  Ex- 
tinguish the  flame  of  the  match,  and  then  quickly  introduce 
the  still  incandescent  carbonaceous  extremity  of  the  wood 
half-way  down  the  test-tube ;  the  wood  will  at  once  burst 
into  flame,  owing  to  the  extreme  violence  with  which  oxygen 
gas  supports  combustion.  These  tests  of  the  presence  of 
free  oxygen  may  also  be  applied  at  the  extremity  of  the 
delivery-tube  whilst  the  gas  is  being  evolved.  (It  is  desirable 
to  retain  two  tubes  of  the  gas  for  use  in  subsequent  experi- 
ments ;  also  one  tube  in  which  only  one-third  of  the  water 
has  been  displaced  by  oxygen.) 

Relation  of  Oxygen  to  Animal  and  Vegetable  Life—  Not 
only  the  carbon  at  the  end  of  a  piece  of  charred  wood,  but 
any  other  substance  that  will  burn  in  air  (which,  as  will  be 
seen  presently,  is  diluted  oxygen)  will  burn  more  brilliantly 
in  pure  oxygen.  The  warmth  of  the  bodies  of  animals  is 
kept  up  by  the  continuous  'burning  of  the  tissues  in  the 
oxygen  (of  the  air)  drawn  into  the  system  through  the_  lungs. 
The  product  of  this  combustion  is  exhaled  into  the  air  as  a 
gaseous  compound  of  carbon  and  oxygen  termed  carbonic 
acid  gas,  a  gas  which,  in  sunlight,  is  absorbed  by  and  de- 
composed in  the  cells  of  plants  with  fixation  of  the  carbon 
and  liberation  of  the  oxygen ;  hence  the  atmosphere  is  kept 
constant  in  composition. 

Memorandum. — At  present  it  is  not  advisable  that  the 
reader  should  trouble  himself  with  the  consideration  of  the 
chemical  action  which  occurs  either  in  the  elimination  of 
oxygen  from  its  compounds,  or  in  the  separation  of  any  of 
the  following  non-metallic  elements  from  their  combinations. 
It  is  to  the  properties  of  those  elements  themselves,  especi- 
ally in  their  free  and  least  active  condition,  that  he  should 
at  present  restrict  his  attention.  Working  thus  from  simple 
to  more  complex  facts,  he  will  in  due  tirao  find  that  the  com- 
prehension of  such  actions  as  occur  in  the  preparation  ol 
these  few  elements  will  be  easier  than  if  he  attempted  their 
full  study  now. 
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HYDROGEN. 

Preparation  and  Collection. — The  element  Hydrogen  is 
also,  in  the  free  state,  a  gas,*  and  is  obtainable  from  its 
commonest  compound,  water,  (of  which  one-ninth  by  weight 
is  hydrogen),  by  the  agency  of  hot  zinc  or  iron,  but  more 
conveniently  by  the  action  of  either  of  those  metals  on  cold 
diluted  sulphuric  acid.  The  apparatus  used  for  making 
oxygen  may  be  employed  for  this  experiment ;  but  no  lamp 
is  required.    Place  several  pieces  of  thin  zinc  f  in  the  gen- 


P REPARATION  OF  HYDROGEN. 


erating  tube  (fig.  4),  or  in  any  common  glass  bottle  (fig.  5)  or 
flask,  and  cover  them  with  water.     The  collecting  tubes 

*  Graham  obtained  alloys  of  hydrogen  with  palladium  and  other  metals, 
compounds  in  which  several  hundred  times  its  bulk  of  gas  is  retained  by 
the  metal  in  vacuo  or  even  at  a  red  heat.  This  was  physical  confirma- 
tion of  the  opinion  long  held  by  chemists,  that  hydrogen  is  a  gaseous 
metal.  Graham  termed  it  hydrogenium,  other  chemists  hydrium,  and 
considered  its  relativo  weight  in  the  solid  state  to  be  nearly  three-fourths 
that  of  water.  Cailletet  and  Pictet  have  since  actually  liquefied  and 
solidified  this  element. 

f  The  best  form  is  granulated  zinc  (Zincum  Granulatum,  B.P.),  made 
by  heating  scraps  of  common  sheet  zinc  in  an  iron  ladle  over  a  live,  and, 
immediately  the  metal  is  fused,  pouring,  in  a  slow  stream,  into  a  pail  of 
water  from  a  height  of  8  or  10  feet.  Each  drop  of  zinc  thus  yields  a  thin 
little  bell,  which,  for  its  weight,  presents  a  large  surface  to  the  action  of 
the  acid  liquid.  11'  flic,  zinc  is  allowed  to  become  hotter  than  necessary, 
the  little  bells  will  not  be  formed.  A  trace  of  iron  in  the  zinc  greatly 
increases  the  rate  at  which  the  hydrogen  is  evolved. 
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(these  also  may  be  wide-mouthed  bottles)  being  ready,  add 
strong  sulphuric  acid  (oil  of  vitriol)  to  the  zinc  and  water, 
in  the  proportion  of  about  1  volume  of  acid  to  5  of  water, 
and  fit  on  the  delivery  tube;  or  pour  the  acid  down  such  a 
funnel-tube  *  as  is  shown  in  fig.  5  ;  the  hydrogen  at  once 
escapes  with  effervescence  from  the  fluid.  Having  rejected 
the  first  portions  (or  having  waited  until  the  air  originally 
in  the  bottle  may  be  considered  to  be  all  expelled),  collect 
four  or  five  tubes  of  the  gas  in  the  manner  described  under 
Oxygen. 

JVoies— This  process  is  similar  to  that  of  the  "  British 
Pharmacopoeia."  In  making  larger  quantities,  bottles  of  ap- 
propriate size  may  be  employed.  Other  metals,  notably 
potassium  and  sodium,  liberate  hydrogen  the  moment  they 
come  into  contact  with  water;  but  the  processes  are  not 
economical,  and  the  action  is  dangerously  violent. 

Properties—  Like  oxygen,  hydrogen  gas  is  invisible,  in- 
odorous, and  tasteless.  If  iron  be  used,  the  gas  has  a  marked 
smell ;  but  this  is  due  to  impurities  derived  from  the  iron. 

Apply  a  flame  to  the  mouth  of  the  delivery-tube  as  soon 
as  the  operator's  judgment  tells  him  that  the  brisk  effer- 
vescence of  hydrogen  must  have  resulted  in  the  driving  out 
of  all  air  from  the  tube,  for  the  mixture  of  hydrogen  and  air 
may  explode.  Ignition  of  the  hydrogen  gas  ensues,  showing 
that,  unlike  oxygen  gas,  it  is  combustible. 

Plunge  a  lighted  match  well  into  a  tube  (or  wide-mouthed 
bottle)  containing  free  hydrogen  ;  the  gas  is  ignited,  but  the 
match  becomes  extinguished.  This  shows  that  hydrogen  is 
not  a  supporter  of  combustion. 

Hydrogen  gas  in  burning  unites  with  the  oxygen  of  the 
air  and  forms  water,  which  may  be  condensed  on  a  cool  glass 
or  other  surface.  Prove  this  by  holding  a  glass  vessel  a  few 
inches  above  a  hydrogen-flame.  In  burning  the  hydrogen 
contained  in  one  of  the  tubes  or  bottles,  the  flame  is  best 

*  Funnel-tubes  may  be  purchased  of  the  apparatus-maker;  or,  if  the 
pupil  has  access  to  a  table  blowpipe,  and  the  advantage  of  a  tutor  to 
direct  his  operations,  they  may  lie  made  by  himself. 
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seen  when  the  tube  is  held  mouth  upwards,  arid  water  poured 
in  so  as  to  expel  the  gass  gradually. 

If,  instead  of  this  gradual  combination  of  the  two  elements 
oxygen  and  hydrogen,  they  be  mixed  together  in  bulk  in  the 
right  proportions  and  then  ignited,  they  will  rapidly  combine, 
and  explosion  will  result.  Prepare  a  mixture  of  this  kind 
by  filling  up  with  hydrogen  a  test-tube  from  which  one-third 
of  the  water  has  been  expelled  by  oxygen.  Remove  the  tube 
from  the  water,  placing  a  finger  over  the  mouth,  and  having 
a  lighted  match  ready,  apply  the  flame  ;  explosion  ensues, 
owing  to  the  instantaneous  combination  of  the  whole  bulk 
of  the  two  elements,  and  the  expansive  force  of  the  highly 
heated  steam  produced.  If  anything  larger  than  a  test-tube 
is  employed  in  this  experiment,  it  should  be  a  soda-water 
bottle,  or  some  such  vessel  equally  strong. 

A7ofcs.— These  gases  thus  unite  at  a  temperature  far  higher 
than  that  of  boiling  water,  two  volumes  of  hydrogen  and  one 
of  oxygen  yielding  two  of  gaseous  water  (true  steam). 

The  noise  of  such  explosions  is  caused  by  concussion 
between  the  suddenly  expanded  gaseous  body  and  the  air. 

The  force  of  the  explosion,  or,  in  other  words,  the  force  of 
the  suddenly 'heated  and  therefore  suddenly  expanded  steam, 
is  below  that  necessary  to  break  the  test-tube.  Some  force, 
however,  is  exerted ;  and  hence  the  necessity  of  the  _  precau- 
tion previously  suggested,  of  allowing  all  the  air  which  may 
be  in  a  hydrogen-apparatus  to  escape  before  proceeding  with 
the  experiments.  If  a  flame  be  applied  to  the  deliveiy-tube 
before  all  the  air  is  expelled,  the  probable  result  will  be  igni- 
tion of  the  mixture  of  hydrogen  and  oxygen  (of  the  air)  and 
consequent  explosion.  But  oven  in  this  case  the  generating 
vessel  is  not  often  fractured  unless  it  be  large  and  of  thin 
glass,  the  ordinary  effect  being  that  the  cork  is  blown  out, 
and  the  delivery-tube  broken  on  falling  to  the  ground. 

Hydrogen  is  'a  constituent  of  all  the  substances  used  for 
producing  artificial  light,  such  as  solid  fats,  oil,  and  coal- 
gas  The  explosivo  force  of  large  quantities,  such  as  a  room- 
ful, of  coal-gas  and  air,  though  vastly  below  that  of  an 
equal  weight  of  gunpowder,  is  well  known  to  suffice  for 
blowing  out  that  side  of  the  room  which  offers  least  re- 
sistance. 
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The  composition  of  water  can  be  proved  analytically^  as 
well  as  synthetically,  a  current  of  electricity  decomposing 
it  by  "  electrolysis "  (A.™,  luo,  to  decompose),  into  its  con- 
stituent gases,  twice  as  much  hydrogen  as  oxygen,  by  volume, 
being  produced. 

Combustion  (from  comburo,  to  burn).— The  experiments 
with  hydrogen  and  oxygen  illustrate  the  true  character  of 
c.ombustion.°  Whenever  chemical  combination  is  sufficiently 
intense  to  be  accompanied  by  heat  and  light,  the  materials 
are  said  to  undergo  combustion.  Combustion  only  occurs  at 
the  line  of  contact  of  the  combining  bodies  ;  a  jet  of  oxygen 
will  burn  in  an  atmosphere  of  hydrogen  quite  as  easily  as  a 
jet  of  hydrogen  in  oxygen.  A  jet  of  air  (diluted  oxygen) 
will  burn  as  readily  in  a  jar  of  coal-gas  as  a  jet  of  coal-gas 
burns  in  air  ;  each  is  combustible,  each  supports  the  com- 
bustion of  the  other.  Hence  the  terms  combustible  and  sup- 
porter of  combustion  are  purely  conventional,  and  only  appli- 
cable so  long  as  the  circumstances  under  which  they  are 
applied  remain  the  same.  In  the  case  of  substances  burning 
in  air,  the  conditions  are,  practically  always  the  same  ;  hence 
no  confusion  arises  from  regarding  air  as  the  great  supporter 
of  combustion,  and  bodies  which  burn  in  it  as'  being  com- 
bustible. 

Fig.  0.  Fi(j.  7. 


sTiiTJCTuai-:  or  fi.amic.  "  iiunsen,"  on  aih-cias,  blmineh. 

Structure  of  Flame.— A  candle-flame  (fig.  6)  orpil-flame  is 
a  jet  of  <ras  intensely  heated  ;  the  central  portion  is  unburnt 
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gas,  the  next  envelope  is  formed  of  partially  burnt  and  very 
dense  gaseous  and  solid  particles  sufficiently  highly  heated 
to  o-ive  light,  and  the  outer  cone  of  completely  burnt _  gases. 
In 'the  figure  the  sharpness  of  limit  of  these  cones  is  pur-  . 
posely  somewhat  exaggerated.  Air  made  by  any  mechanical 
contrivance,  to  mix  with  the  gas  in  the  interior  of  a  flame  at 
once  burns  up,  or  perhaps  prevents  the  formation  of,  dense 
o-ases :  giving  a  hotter,  but  non-luminous  jet.  lhe  air-gas 
lamps  (fig  7),  or"Bunsen"  gas-burners,  commonly  used  m 
chemical" laboratories,  are  constructed  on  this  principle: 
their  flame  has  the  additional  advantage  of  not  yielding 

a  iSe  air-gas  lamp  coal-gas  escaping  from  a  small  orifice 
draws  rather  more- than  twice  its  volume  of  air  (supplied 
through  adjacent  holes)  into' its  column  ;  and  the  mixture  of 
o-as  arid  air  passes  upwards  along  a  pipe  It  only  burns  at 
the  end.  and  not  within  the  pipe,  partly  because  the  metal  of 
the  burneiVby  conducting  heat  away,  cools  the  ™£ure  be  low 
the  temperature  at  which  it  can  ignite  ;  partly  because  he 
velocity  with  which  the  mixture  flows  out  is  greater  than 
the  rate  at  which  such  a  mixture  ignites ;  and  partly  because 
he  proportion  of  air  to  gas  in  the  mixture  is  insufficient 
for  perfect  combustion,  the  external  air  contributing  maten- 
a  lyte  the  complete  combustion  of  the  jet  of  air-gas  The 
Davy  safety-lamp  acts  on  the  principle  first  named  .  a  wire- 
fauze  cage  surrounds  an  oil-flame;  an  inflammable  mixture 
o  las  (fire-damp)  and  air  can  pass  through  the  gauze  and 
catch  fire  and  burn  inside  ;  but  the  flame  cannot,  ordinarily, 
be  communicated  to  the  mixture  outside,  because  the  metal 
of  thTgauze  and  of  the  other  parts  cools  down  the  gas 
below  the  temperature  at  which  combustion  can  continue. 

Properties  (con tinned). -Gaseous  hydrogen  is  the  lightest 
substance  known.    It  was  formerly  used  for  filling  balloons 
but  was  superseded  by  coal-gas  because  coal- ^  » 
lighter,  is  cheaper  and  more  easily  obtained    The  lightness 
of  hydrogen  may  be  rendered  evident  by  the  following  ex- 
perS-M  two  test-tubes  with  the  gas  and  ho  d  one 
S  mouth  downwards  and  the  other  with  its  mouth  up 
3ards    'The  hydrogen  will  have  escaped  from  the  latin  m 
w  seconds,  whereas  the  former  will  still  contain  the  gas 
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after  the  lapse  of  many  seconds.  This  may  be  proved  by 
applying  a  lighted  match  to  the  mouths. 

The  relative  ivcight  or  specific  gravity  of  oxygen  is  sixteen 
times  that  of  hydrogen.  A  vessel  holding  one  grain  of 
hydrogen  will  hold  sixteen  grains  of  oxygen.  The  relation 
of  the  weight  of  hydrogen  to  air  is  as  1  to  14-44,  or  as  0-0693- 
to  r0.  One  grain  of  hydrogen  by  weight  would  measure 
about  27  fluid  ounces,  and,  therefore,  would  about  fill  a 
common  wine-bottle.  Such  a  bottle  would,  at  ordinary 
temperatures,  hold  about  14h  grains  of  air,  or  16  grains  of 
oxygen. 

Mem. — It  is  desirable  to  retain  two  tubes  of  hydrogen  for 
use  in  subsequent  experiments. 

Diffusion  of  Gases. — Hydrogen  'gas  cannot  be  kept  in 
such  vessels  as  the  inverted  test-tube  ;  for,  though  much 
lighter  than  air,  it  diffuses  downwards  into  the  air,  while 
the  air,  though  much  heavier,  diffuses  upwards  into  the 
hydrogen.  This  power  of  diffusion  is  characteristic  of  all 
gases,  and  proceeds  according  to  a  fixed  rate,  namely,  "  in 
inverse  proportion  to  the  square  root  of  the  specific  gravity 
of  the  gas  "  (Graham).  Thus  hydrogen  diffuses  four  times 
faster  than  oxygen.  This  great  and  important  property  of 
diffusion  strongly  suggests  that  the  particles  of  gases,  at 
least,  are  always  moving,  never  at  rest ;  how  otherwise 
could  gases  diffuse  into  each  other  as  they  do,  notwithstand- 
ing the  opposing  influence  of  gravitation  ?  Diffusion  strongly 
supports  this  (Clausius's)  kinetic  (/are'to,  kinco,  to  move,  or 
put  in  motion)  theory  of  the  physical  condition  of  gases. 

PHOSPHORUS. 

Appearance  and  Source. — Phosphorus  (Phosphorus,  B.  P.) 
is  a  solid  element,  in  appearance  and  consistence  resembling 
white  wax;  but  it  gradually  becomes  yellow  by  exposure 
to  light.  It  is  a  characteristic  constituent  of  bones,  and 
may  be  prepared  from  bones  by  a  process  which  will  bo 
described  subsequently. 

Caution. — Phosphorus,  on  account  of  its  great  affinity  for 
oxygen,  takes  fire  very  readily  in  the  air,  and  should  there- 
fore be  kept  under  water.    When  wanted  for  use,  it  must 
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be  cut  under  water.  It  is  employed  in  tipping  Inciter?, 
though  red  or  amorphous  phosphorus  (vide  Index)  is  less 
objectionable  for  this  purpose. 

Experiment— Dry  a  piece  about  one-fourth  the  size  of  a 
pea  by  quickly  and  carefully  pressing  it  between  the  folds 
of  porous  (filter  or  blotting)  paper  ;  place  it  on  a  plate,  and 
ignite  by  touching  it  with  a  piece  of  warm  wire  or  wood. 
The  product  of  combustion  is  a  dense  white  suffocating 
smoke,  which  must  be  confined  at  once  by  placing  an  in- 
verted tumbler,  or  beaker,  or  other  similar  vessel  over  the 
phosphorus.     The  fumes   rapidly  aggregate,  and  fall  m 
white  flakes  on  the  plate.    When  this  has  taken  place,  and 
the  phosphorus  is  no  longer  burning,  moisten  the  powder 
with  a  drop  or  two  of 'water,  and  observe  that  some  of  the 
water  is  converted  into  steam,  an  effect  due  to  the  intense 
affinity  with  which  another  portion  of  the  water  and  the 
powder  have  combined,  yielding  heat. 

The  powder  produced  by  the  combustion  of  phosphorus  is 
termed  phosphoric  anhydride  ;  the  combination  of  the  lattei 
vi th  the  elements  of  water  produces  a  variety  of  Phosphoric 
acid  which  dissolves  in  the  water,  forming,  on  stand  mg 
dilute  solution  of  ordinary  phosphoric  acid  The  Diluted 
Phosphoric  Acid  of  the  «  British  Pharmacopoeia  "  is  a  similar 
solution,  made  in  a  somewhat  different  way,  and  of  definite 
strength. 

NITROGEN. 

/foiM^-The  chief  source  of  this  gaseous  element  is  the 
.1  nosphere,  nearly  four-fifths  of  which  consist  of  nitrogen 
(the  remaining  fifth  being  almost  entirely  oxygen). 

Preparcdion.-Bnvn  a  piece  of  dried  phosphorus,  the  size 
of  a  pea  in  a  confined  portion  of  air.    The  oxygen  gas  is 
Ls  removed,  and  the  nitrogen  gas  remains     The  read.es 
mode  of  performing  this  experiment  is  to  fix  a  piece  of 
Earthenware  (the  lid  of  a  small  porcelain  crucible  answer 
very  well)  on  a  thin  piece  of  cork,  so  that  it  may  float  m  a 
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dish  of  water  (fig.  8).  Place  the  phosphorus  on  the  lid, 
ignite  with  a  warm  rod,  and  then  invert  a  tumbler,  or  any 
glass  vessel  of  about  a  half-pint  capacity,  over  the  burning 
phosphorus,  so  that  the  mouth  of  the  glass  may  dip  into  the 
water.  Let  the  arrangement  rest  for  a  short  time,  for  the 
fumes  of  phosphoric  anhydride  to  subside  and  dissolve  in 
the  water,  and  then  decant  the  gas  into  test-tubes  as  indi- 
cated in  fig.  9,  using  a  tub  or  other  vessel  of  water  of 
sufficient  depth  to  admit  of  the  glass  containing  the  nitrogen 
gas  being  turned  on  one  side  without  air  gaining  access. 

Fig.  8.  Fig.  9. 


PBEPABATION  OF  NITROGEN.  DECANT  ATION  OE  GASES. 

Larger  quantities  of  nitrogen  gas  are  obtained  in  the  same 
way.  Other  combustibles,  as  sulphur  or  a  candle,  might  be 
used  to  burn  out  the  oxygen  gas  from  the  air,  but  none 
answer  so  quickly  and  completely  as  phosphorus  ;  added 
to  which,  the  product  of  their  combustion  would  not  always 
be  dissolved  by  water,  but  would  remain  with  the  nitrogen. 

_  Mem—  The  statement  concerning  the  composition  of  the 
air  is  roughly  confirmed  in  isolating  nitrogen,  about  one-fifth 
of  the  volume  of  the  air  originally  in  the  glass  vessel  having 
disappeared,  its  place  being  occupied  by  water. 

Properties. — Like  oxygen  and  hydrogen,  nitrogen  gas  is 
invisible,  tasteless,  and  inodorous.  By  pressure,  Cailletet 
and  Pictet  condensed  it  to  a  liquid.  Wroblewski  and 
Obszewski  obtained  it  in  some  amount  as  a  definite,  colour- 
less, transparent  fluid,  which  congeals,  by  its  own  evapora- 
tion, to  a  white  snow-like  solid.    It  is  only  slightly  soluble 
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in  water.  Free  nitrogen  is  distinguished  from  all  other 
gases  by  the  absence  of  any  very  characteristic  or  positive 
properties.  Apply  a  flame  to  some  contained  in  a  tube ;  it 
will  be  found  to  be  incombustible.  Immerse  a  lighted  match 
in  the  gas ;  the  flame  is  extinguished,  showing  that  nitrogen 
is  a  non-supporter  of  combustion. 

Nitrogen  is  fourteen  times  as  heavy  as  hydrogen. 

The  chief  office  of  the  free  nitrogen  in  the  air  is  to  dilute 
the  energetic  oxygen,  a  mere  mechanical  mixture  resulting. 

The  air  is  nearly  fourteen  and  a  half  (14-44)  times  as  heavy 
as  hydrogen.  It  may  be  liquefied  and,  apparently^  solidi- 
fied. Its  average  composition,  including  minor  constituents 
(which  will  be  referred  to  subsequently),  is  as  follows  :— 

Composition  of  the  Atmosphere. 

In  100  volumes. 

Oxygen  20'61 

Nitrogen  77'95 

Carbonic  acid  gas   '04 

Aqueous  vapour  1'40 

Nitric  acid  ) 

Ammonia  (  traces 

Carburetted  hydrogen  ; 

Sulphuretted  hydrogen  ]  traces  in 

Sulphurous  acid  5  towns. 

Pure  dry  air  free  from  carbonic  acid  invariably  contains, 
bv  weight,  23  parts  of  oxygen  to  77  of  nitrogen  ;  or,  by 
volume,  20-76  parts  of  oxygen  to  79-24  of  nitrogen.  Ozone 
{vide  Index)  is  said  to  be  a  normal  constituent  of  air. 

Free  Nitrogen  and  Combined  Nitrogen. 
The  comparative  inactivity  or  negative  character  of 
nitrocren  in  its  free  condition— that  is,  when  uncombined 
with  other  elements,-contrasts  strongly  with  its  apparent 
influence  in  a  state  of  combination.  When  its  compounds 
with  hydrogen  come  to  be  studied,  it  will  be  found  to  be 
apparently,  the  chief,  or  leading,  or,  m  a  sense,  the  most 
important  element  of  those  compounds- the  ammoniacal 
compounds.  United  with  carbon,  it  gives  the  poisonous 
cyanic  substances.    With  oxygen,  it  yields  quite  a  large 


CHLORINE. 


19 


group  of  bodies,  amongst  which  are  the  common  and  im- 
portant class  of  salts  termed  nitrates.  With  carbon  as  well 
as  hydrogen  and  some  oxygen,  it  affords  powerful  agents 
termed  alkaloids — near  relatives  of  ammonia ;  while  the 
same  elements  otherwise  grouped,  and  sometimes  a  little 
sulphur  or  phosphorus,  form  the  various  albumenoid  and 
gelatinoid  matters  characteristic  of  the  tissues  of  animals 
and  vegetables.  In  a  perfect  structure  we  should  perhaps 
scarcely  regard  any  one  element  or  member  as  more  im- 
portant than  another,  still  such  a  conclusion  almost  forces 
itself  upon  us  as  we  become  acquainted  with  the  chemical 
history  of  combined  nitrogen.  Free  nitrogen  is  not,  how- 
ever, altogether  inactive,  for  the  nitrogen  of  the  air  appears 
to  be  absorbed  and  assimilated  by  plants — a  given  crop 
containing  more  nitrogen  than  the  soil  and  manure  whence 
it  grew. 

CHLORINE. 

Source. — In  the  free  state  this  element  is  a  gas.  Its 
chief  source  is  common  salt,  more  than  half  of  which  is 
chlorine. 

Preparation, — About  a  quarter  of  an  ounce  of  salt  and  the 
same  amount  of  black  oxide  of  manganese  are  mixed,  and 
placed  in  a  test-tube  with  sufficient  water  to  cover  them ; 
on  adding  a  small  quantity  of  sulphuric  acid,  the  evolution 
of  chlorine  gas  commences.  For  the  mode  of  collection  see 
the  following  paragraphs. 

Another  process. — As  the  action  of  the  sulphuric  acid  on 
the  salt  in  the  above  process  is  mainly  to  give  hydrochloric 
acid,  the  latter  acid  (about  4  parts)  and  the  black  oxide  of 
manganese  (about  1  part)  may  be  used  in  making  the  gas, 
instead  of  salt,  sulphuric  acid,  and  black  oxide  of  man- 
ganese. This,  the  usual  process,  is  that  adopted  in  the 
"  British  Pharmacopoeia." 

Collection  and  Properties.— -Free  chlorine  is  a  suffocating 
gas.  Care  therefore  must  be  observed  in  experimenting 
with  this  element.  As  soon  as  its  penetrating  odour  in- 
dicates that  it  is  escaping  from  the  test-tube,  the  cork  and 


20 


NON-METALLIC  ELEMENTS. 


delivery-tube  (similar  to  that  used  in  making  oxygen)  should 
be  fitted  on,  and  the  gas  passed  to  the  bottom  of  another 
test-tube  containing  water  (fig.  10).  When  thirty  or  forty 
small  bubbles  have  passed,  their  evolution  being  assisted  by 
slightly  heating  the  generating  tube,  the  latter  should  be  re- 
moved to  the  cupboard  usually  provided  in  laboratories  for 
performing  operations  with  noxious  gases  or  be  dismounted 


Fig.  10.  Fig.  11. 
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and  the  contents  carefully  and  rapidly  washed  away.  The 
water  in  the  collecting-tube  will  now  be  found  to  smell  of 
the  gas,  chlorine  being,  in  fact,  soluble  in  about  half  its  bulk 
of  water.  Chlorine-water  is  official  *  in  the  "  British  Phar- 
macopoeia "  (Liquor  Chlori). 

*  The  Pharmacopoeia  and  all  in  it  is  official  (office,  Fr.  from  h.officium, 
an  office).  There  are  many  things  which  in  pharmacy  are  officinal  (Fr. 
from  L.  officina,  a  shop)  but  not  official.  To  restrict  the  word  officinal 
to  the  contents  of  a  pharmacist's  shop,  and  to  that  portion  of  the  con- 
tents which  is  Pharmacopceial,  is  radically  wrong,  and  should  be  avoided. 

"An  official  formula  is  one  given  under  authority.  An  officinal 
formula  is  one  made  in  obedience  to  the  customary  usage  of  the  shop 
{officina).  To  state  that  any  preparation  under  the  sanction  of  the 
British  Pharmacopoeia  is  officinal,  is  a  misapprehension  of  the  meaning 
of  the  word." — J.  Beouoh. 

"  That  is  official  which  emanates  from  a  recognised  authority.  That 
is  officinal  which  is  issued  from  an  offlcina  or  workshop." — J.  Inck. 

"Official  writings  and  orders  are  those  issued  by  official  persons. 
Officinal  articles  are  such  as  arc  found  in  a  shop."— J.  F.  Stahfobd, 
M.A.,F.Pv.S. 
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Larger  quantities  may  be  made  from  the  hydrochloric 
acid  and  black  oxide  of  manganese  (4  to  1)  in  a  Florence 
flask  fitted  with  a  delivery  tube,  the  flask  being  supported 
over  a  flame  by  the  ring  of  a  retort-stand  or  any  similar 
mechanical  contrivance  (fig.  11).  A  piece  of  cardboard  on 
the  neck  of  the  collecting-bottle,  as  indicated  in  the  figure, 
retards  diffusion  of  the  chlorine  gas  from  the  bottle  during 
the  process  of  collection. 

Mem. — Flasks  and  similar  glass  vessels  are  less  liable  to 
fracture  if  protected  from  the  direct  action  of  the  flame  by 
being  placed  on  a  piece  of  wire  gauze  2  to  4  inches  square, 
or  on  a  sand-bath,  that  is,  a  saucer-shaped  tray  of  sheet  iron 
on  which  a  thin  layer  of  sand  is  placed. 

The  Vapor  Chlori,  B.P.,  or  Inhalation  of  Chlorine,  is 
simply  moist  chlorinated  lime  so  placed  that  some  of  the 
chlorine  given  off  may  be  inhaled. 

Daring  these  manipulations  the  operator  will  have  noticed 
that  chlorine  is  of  a  light  yellowish-green  colour.  The  tint  is 
observable  when  the  gas  is  collected  in  large  vessels.  As  it 
is  soluble  in  water  (2|  vols,  in  1  vol.  at  60°  F.),  it  cannot 
be  economically  stored  over  that  liquid.  Being,  however, 
nearly  Uvice  and  a  half  as  heavy  as  air,  the  gas  may  be 
collected  by  simply  allowing  the  delivery-tube  to  pass  to 
the  bottom  of  a  dry  test-tube  or  dry  bottle  (fig.  11). 

A  distinctive  property  of  free  chlorine  is  its  bleaching- 
power.  Prepare  some  coloured  liquid  by  placing  a  few  chips 
i  of  logwood  or  other  dyeing-material  in  a  test-tube  half  full 
I  of  hot  water.  Pour  off  some  of  this  red  infusion  into  another 
'tube  and  add  a  few  drops  of  the  chlorine-water;  the  red 
i  colour  is  rapidly  destroyed. 

Free  chlorine  readily  decomposes  offensive  effluvia ;  it  is 
rone  of  the  most  powerful  of  deodorizers.  It  also  decomposes 
iputridand  infectious  matter;  it  is  one  of  the  best  of  disin- 
fectants. (Antiseptics  are  substancos  which  prevent  putre- 
faction.   See  Index.) 

Combination  of  Hydrogen  with  Chlorine,  forming  Hydro- 
chloric Acid. — If  an  opportunity  occurs  of  generating  chlorine 
lin  a  closed  chamber  or  in  the  open  air,  a  test-tube,  of  the  .sarno 
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size  as  one  of  those  in  which  hydrogen  has  been  retained  from  a 
previous  operation,  is  filled  with  the  gas.  The  hydrogen-tube 
is  then  inverted  over  that  containing  the  chlorine,  the  mouths 
being  kept  together  by  encircling  them  with  a  finger.  After 
the  gases  have  mixed,  the  mouths  of  the  tubes  are  quickly  in 
succession  brought  near  a  flame,  when  explosion  occurs  and 
fumes  of  a  compound  of  hydrochloric  acid  gas  with  the  mois- 
ture of  the  air  are  formed.  The  Hydrochloric  Acid  of  phar- 
macy is  a  solution  of  the  gas  (made  in  a  more  economical 
way)  in  water. 

The  foregoing  experiment  affords  evidence  of  the  powerful 
affinity  of  chlorine  and  hydrogen  for  each  other.  Chlorine 
dissolved  in  water  will,  in  sunlight,  slowly  remove  hydrogen 
from  some  of  the  water  and  liberate  oxygen.  The  bleaching- 
power  of  chlorine  is  generally  referred  to  this  indirect!  oxidiz- 
ing effect  which  it  produces  in  presence  of  water ;  for  dry 
chlorine  does  not  bleach. 

Density—  Chlorine  gas  is  35^  times  as  heavy  as  hydrogen 
gas.    A  wine-bottle  would  hold  about  35|  grains. 

SULPHUR,  CARBON,  IODINE. 

The  physical  properties  (colour,  hardness,  weight,  etc.) 
possessed  by  these  elements,  when  they  are  in  the  free  state, 
are  familiar.  Their  leading  chemical  characters  in  the  free 
state  will  also  be  understood  when  a  few  facts  concerning 
each  are  made  the  subject  of  expei'imeut. 

Sulphur.— Burn  a  small  piece  of  sulphur ;  a  penetrating 
odour  is  produced,  due  to  the  formation  of  a  colourless  gas. 
The  product  is  a  perfectly  definite  chemical  compound  of 
the  oxygen  from  the  air,  with  the  sulphur.  It  is  termed 
sulphurous  anhydride,  or  sulphurous  acid  gas. 

Carbon  is  familiar,  in  the  free  form,  as  soot,  coke,  char- 
coal, graphite  (or  plumbago,  popularly  termed  blacklead), 
and  diamond.  The  presence  of  combined  carbon,  in  wood 
and  in  other  vegetable  and  animal  matter,  is  at  once  rendored 
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evident  by  heat.  Place  a  little  tartaric  acid  on  the  end  of 
a  knife  in  a  flame  ;  the  blackening  that  occurs  is  due  to  the 
separation  of  carbon.  The  black  matter  at  the  extremity  of 
a  piece  of  half-burned  wood  is  also  free  carbon. 

Carbon,  like  hydrogen,  phosphorus,  and  sulphur,  has  a 
great  affinity  for  oxygen  at  high  temperatures.  A  striking 
evidence  of  that  affinity  is  the  evolution  of  sufficient  heat 
to  make  the  materials  concerned  red-  or  even  white-hot. 
When  ignited  in  the  diluted  oxygen  of  the  air,  carbon  simply 
burns  with  a  moderate  glow,  as  seen  in  an  ordinary  coke  or 
charcoal  fire  ;  but  when  ignited  in  pure  oxygen,  the  intensity 
of  its  combination  is  greatly  exalted.  The  product  of  the 
combination  of  the  two  elements,  if  the  oxygen  be  in  excess, 
is  an  invisible  gaseous  body  termed  carbonic  acid  gas  ;  if 
the  carbon  be  in  excess,  another  invisible  gas,  termed  car- 
bonic oxide,  results. 

Iodine. — A  prominent  chemical  characteristic  of  free  iodine 
is  its  great  affinity  for  metals.  Place  a  piece  of  iodine,  about 
the  size  of  a  pea,  in  a  test-tube  with  a  small  quantity  of 
water  and  add  a  few  iron  filings  or  small  nails.  On  gently 
warming  this  mechanical  mixture,  or  even  shaking  if  longer 
time  be  allowed,  the  colour  and  odour  of  the  iodine  disappear  ; 
it  has  chemically  combined  with  the  iron,  a  chemical  com- 
pound has  been  produced.  If  the  solution  be  filtered,  a  clear 
aqueous  solution  of  the  compound  of  the  two  elements  is 
obtained. 

This  compound  is  an  iodide  of  iron.  Its  solution,  made  as 
above,  and  mixed  with  sugar,  forms,  when  of  a  certain 
strength,  the  ordinary  Syrup  of  Iodide  of  Iron  of  pharmac3r 
(Syrupus  Ferri  Iodidi,  B.P.).  A  strong  solution  mixed  with 
sugar  and  liquorice-root  constitutes  the  corresponding  Pill 
( Pilula  Ferri  Iodidi,  B.P.).  The  solid  iodide  is  obtained  on 
removing  the  water  of  the  above  solution  by  evaporation. 

Sulphur  and  Iron,  also,  when  very  strongly  heated,V7j.e?m- 
cally  combine  to  form  a  substance  which  has  none  of  the 
properties  of  a  mixture  of  sulphur  and  iron — 'that  is,  has  none 
of  the  characters  of  sulphur  and  none  of  iron,  but  new  pro- 
perties altogether.  The  product  is  termed  Sulphide  of  Iron. 
Its  manufacture  and  uses  will  be  alluded  to  in  treating  of  the 
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compounds  of  iron;  it  is  mentioned  here  as  a  simple  but 
striking  illustration  of  the  difference  between  a  chemical 
compound  and  a  mechanical  mixture. 

THE  ELEMENTS,  THEIR  SYMBOLS,  Etc. 

From  the  foregoing  statements  a  general  idea  will  have 
been  obtained  of  the  nature  of  several  of  the  more  frequently 
occurring  free  elements.  Some  additional  facts  concerning 
them  may  be  gathered  from  the  following  Table,  which  gives 
the  name  in  full,  the  symbol  (or  shorthand  character  *)  of 
the  name,  and  the  origin  of  the  name. 

For  the  purposes  of  study  by  medical  and  pharmaceutical 
pupils,  the  elements  may  be  divided  into  three  classes,  viz., 
those  frequently,  those  seldom,  and  those  never,  used  in 
pharmacy. 


Name. 

Symbol. 

Derivation  of  Name. 

Oxygen  .    .  . 

0 

From  6£ik  (oxiis)  acid,  and  ytvecis  (ge- 
nesis) generation,  i.e.  generator  of  acids. 
When  first  discovered  it  was  supposed  to 
enter  into  the  composition  of  all  acids. 

Hydrogen  .  . 

H 

From  \S5wp  (hudor)  water,  and  7^e<rts 
(genesis)  generation,  in  allusion  to  the  pro- 
duct of  its  combustion  in  air. 

Nitrogen    .  . 

N 

From  vlrpov  (nitron),  and  ytveais  (gene- 
sis), generator  of  nitre. 

Carbon  .    .  . 

C 

From  carlo,  coal,  which  is  chiefly  carbon. 

Chlorine    .  . 

CI 

From  x^wpis  (chloros)  green,  the  colour 
of  this  element. 

Iodine    .    .  . 

I 

From  i'of  (ion)  a  violet,  and  e!5os  (eidos) 
likeness,  in  reference  to  the  colour  of  its 

Sulphur     .  . 

vapour. 

s 

From  sal,  a  salt,  and  wvp  (pur)  fur,  in- 
dicating its  combustible  qualities.  Its 
common  name,  brimstone,  has  the  Borne 
meaning,  being  the  slightly  altered  Saxon 
word,  brynstone,  i.e.  burnstone. 

Phosphorus  . 

p 

<l'iDs  (phos)  light,  and  ipipeiv  (pherein)  to 
bear.    The  light  it  emits  may  be  seen  on 

'  exposing  it  in  a  dark  room. 

*  The  symbol  is  also  much  moro  than  the  shorthand  character,  as 
will  presently  be  apparent. 
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Potassium  . 
(Kalium) 


Sodium  .  . 
(Natrium) 


Ammonium 


Na 


Barium 


Calcium 
Magnesium 


Iron  .... 
(Ferrum) 

Aluminium 


Zinc  .... 

Arsenium,  / 
Arsenicum,  / 
or  Arsenic  \ 


NH4 


Derivation  ob  Name. 


Ba 


Ca 
Mg 


Fe 


Al 


Zn 


As 


Kalium,  from  kali,  Arabic  for  ashes  (see 
next  paragraph).  Manufactories  in  which 
compounds  of  potassium  and  allied  sodium- 
salts  are  made,  are  called  aJ/caZt-works  to 
this  day.  Potassium,  from  pot-ash;  so 
called  because  obtained  by  evaporating 
the  lixivium  of  woochashes  in  pots. 

Natrium,  from  natron,  the  old  name  for 
certain  natural  deposits  of  carbonate  of 
sodium.  Sodium,  from  soda-ash  or  sodash, 
the  residue  of  the  combustion  of  masses 
or  sods  of  marine  plants.  Sod-ashes  /were 
chemically  distinguished  from  pot-ashes 
by  Duhamel  in  1736.  Previously  both  were 
simply  kali  or  ashes  from  two  different 
sources.  Sir  Humphry  Davy  first  isolated 
the  two  metals,  in  1807. 

This  body  is  not  an  element ;  but  its 
components  exist  in  all  ammoniacal  salts, 
and  apparently  play  the  part  of  such  ele- 
ments as  potassium  and  sodium.  Sal  am- 
moniac (chloride  of  ammonium)  was  first 
obtained  from  near  the  temple  of  Jupiter 
Amnion  in  Libya  ;  hence  the  name. 

From  /3<xpi)s  (barus)  heavy,  in  allusion  to 
the  high  specific  gravity  of  "heavy  spar," 
the  most  common  of  the  barium  minerals. 
Calx,  lime,  the  oxide  of  calcium. 
From  Magnesia,  the  name  of  the  town 
(in  Asia  Minor)  near  which  the  substance 
now  called  "  native  carbonate  of  magne- 
sium "  was  first  discovered. 

Prehistoric.  The  spelling  may  be  from  the 
Saxon  iren,  the  pronunciation  from  the 
Gothic  "  iarn.u  The  derivation  is  perhaps 
Aryan  ;  it  probably  originally  meant  metal. 

The  metallic  basis  of  alum  was  at  first 
confounded  with  that  of  sulphate  of  iron, 
which  was  the  alum  of  the  Bomans,  and 
was  so  called  in  allusion  to  its  tonic  pro- 
perties, from  alo,  to  nourish. 

From  Ger.  Zinn,  tin,  with  which  Zinc 
seems  at  first  to  have  been  confounded. 

'ApaeviKbv  (arsenikon),  the  Greek  name 
for  orpiment,  a  sulphide  of  arsenium. 
Common  white  arsenic  is  an  oxide  oE 
arsenium. 
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Name. 


Symbol. 


Derivation  op  Namb. 


Antimony 
(Stibium) 


Copper  .  . 

(Cuprum) 
Lead .    .  . 

(Plumbum) 

Mercury.-  . 
(Hydrargy- 
rum) 


Silver    .  . 
(Argentum) 


Sb 


Cu 
Pb 

Hg 


Ag 


2W/3t  (stibi),  or  (ttl/x/xi  (stimmi)  was  the 
Greek  name  for  the  native  sulphide  of 
antimony.  The  word  antimony  is  said  to 
be  derived  from  dvrl  (anti)  against,  and 
moine,  French  for  monk,  from  the  fact  that 
certain  monks  were  poisoned  by  it. 

From  Cyprus,  the  name  of  the  Mediterra- 
nean island  where  this  metal  was  first  worked. 

The  Latin  word  is  expressive  of  "  some- 
thing heavy,"  and  the  Saxon  lad  has  a 
similar  signification. 

Hydrargyrum,  from  voup  (hudor)  water, 
and  Apyvpos  (arguros)  silver,  in  allusion  to 
its  liquid  and  lustrous  characters.  Mer- 
cury, after  the  messenger  of  the  gods,  on 
account  of  its  susceptibility  of  motion. 
The  old  name  quicksilver  also  indicates  its 
ready  mobility  and  argentine  appearance. 

"Apyvpoi  (arguros)  silver,  from  apybs 
(argos)  white.  Words  resembling  the  term 
silver  occur  in  several  languages,  and  indi- 
cate a  white  appearance. 


The  following  are  names  of  some  of  the  less  frequently 
occurring  elements,  compounds  of  which,  however,  are  alluded 
to  in  the  British  Pharmacopoeia,  or  are  met  with  in  pharmacy. 


Namb. 

Symbol. 

Derivation  or  Name. 

Bromine    .  . 

Br 

From  ppQfios  (bromos),  a  stink.    It  has 
an  intolerable  odour. 

Fluorine    .  . 

Fl 

From  Jluo,  to  Jloiv.    Fluoride  of  calcium, 

its  source,  is  commonly  used  as  a  llux  in 
metallurgic  operations. 

From  borak  or  haumk,  the  Arabic  name 
of  borax,  the  substance  from  which  the 
element  was  first  obtained. 

Boron    .    .  . 

B 

Silicon  .    .  i 

Si 

From  silex,  Latin    for  flint,  which  is 
nearly  all  silica  (an  oxide  of  silicon). 

Lithium     .  . 

L 

From  \lOeios  (lithcios)  stony,  in  allusion 
to  its  supposed  existence  in  the  mineral 
kingdom  only. 

THEIR  SYMBOLS  AND  DERIVATIONS. 
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Nam*.  Symbol. 


Strontium  .  . 

Cerium  .    .  . 

Chromium  .  . 

Manganese .  . 

Cobalt  .    .  . 


Nickel  .  .  . 
Tin  (Stannum) 

Gold  (Aurum) . 

Platinum  .  . 
Bismuth    .  . 


Sr 

Ce 

Cr 
Mn 

Co 


Cadmium 


Ni 
Sn 

Au 

Pt 
Bi 


Cd 


Debit atiok  op  Name. 


This  name  is  commemorative  of  Stron- 
tian,  a  mining-village  in  Argyleshire,  Scot- 
land, in  the  neighbourhood  of  which  the 
mineral  known  as  strontianite,  or  carbonate 
of  strontium,  was  first  found. 

Discovered  in  1803,  and  named  after  the 
planet  Geres,  which  was  discovered  on 
Jan.  1,  1801.  The  oxalate  of  cerium  is 
official,  but  seldom  used. 

From  xpwixa.  (chroma)  colour,  in  allusion 
to  the  characteristic  appearance  of  its  salts. 

Probably  the  slightly  altered  word  mag- 
nesia, with  whose  compounds  those  of 
manganese  were  confounded  till  1740. 

Cobalus,  or  Kobold,  was  the  name  of  a 
demon  supposed  to  inhabit  the  mines  of 
Germany.  The  ores  of  cobalt  were  former- 
ly troublesome  to  the  German  miners,  and 
hence  received  the  name  their  metallic 
radical  now  bears. 

Nickel,  from  nil,  worthless.  Nickel  ore 
was  formerly  called  Kwpfer nickel,  false 
copper.  When  a  new  element  was  found 
in  the  ore,  the  name  nickel  was  retained 
for  it. 

Both  words  are  possibly  corruptions  of 
the  old  British  word  staen,  or  the  Saxon 
word  slan,  a  stone.  Tin  was  first  dis- 
covered in  Cornwall,  and  the  ore  (an  oxide) 
is  called  tinstone  to  the  present  day. 

Aurum  (Latin)  from  a  Hebrew  word  signi- 
fying the  colour  of  fire. 

Gold  ;  a  similar  word  is  expressive  of 
bright  yellow  in  several  old  languages. 

From  platina  (Spanish),  diminutive  of 
plata,  silver.  It  somewhat  resembles  silver, 
but  is  less  white  and  lustrous. 

Slightly  altered  from  the  German  Wis- 
muth,  derived  from  Wiesemalte,  "  a  beauti- 
ful meadow,"  a  name  given  to  it  originally 
by  the  old  miners  in  allusion  to  the  prettily 
variegated  tints  presented  by  the  freshly 
exposed  surface  of  this  crystalline  metal. 

Ka.6fj.ela.  (Kadmeia)  was  the  ancient  name 
of  calamine  (carbonate  of  zinc),  with  which 
carbonate  of  cadmium  was  long  confound  ed , 
the  two  often  occurring  together. 


28  QUESTIONS  AND  EXERCISES. 

Gold,  Platinum,  Tin,  and  Silicon  are  classed  with  the  less 
important  elements,  because  their  salts  are  seldom  used  m 

^iT  wilTbe  noticed  that  the  symbol  of  an  element  is  simply 
the  first  letter  of  its  Latin  name,  which  is  generally  the  same 
as  in  English.  Where  two  names  begin  with  the  same 
letter,  the  less  important  has  an  additional  letter  added. 

QUESTIONS  AND  EXEECISES. 
Of  how  many  elements  is  terrestrial  matter  ■ composed  ?-In /what  state 

process  for  the  preparation  of  °?yg^--Ho™°  if^e  source  of  animal 
-Mention  the  chief  properties  of  oxygen.-What  is the  s0^e  ° 

has  remo/ed  all  the  oxv- 
n  ^UXeTpSion  gof  air  ^Mention  the  property  m rogem- 
gWhat  office  is  fulfilled  by  th  e  mtrog«  rffl e ^ ^ate  Jjlgg"*^ 
of  the  chief  constituents  of  air.— Mention  the  m  n01  "itrocen  to  oxygen 
stituents  of  air.-What  is  the  proportion  by  weight  of  mteogen  to  ox  g 
in  the  atmosphere  ?-Give  the  specific  gravity  ^  ^^^^ 
chlorine  prepared  .-Enumerate  the  propels   J  D^J  «  o 

terms  deodorizer  and  disivfic tan  .  -  Explan the  ^leac^  J'  {or  the 
chlorine.-What  proportion  of  hydrogen  to  g^lSTBd  and 
formation  of  hydrochloric  acid  gas  ?— State  the  P™™  f 

iodine,  sulphur,  phosphorus  ? 

The  Learner  is  recommended  to  read  ™ 

PARAGRAPHS   ON  THE   GENERAL  PrINCH?I.ES   OF    ChEMK  A L 

Philosophy  carefully  once  or  twice,  then  to  study 

(EXPERIMENTALLY,  IF  POSSIBLE)  THE  SUCOBEDmQ ^PAGES 
RETURNING  TO  AND  READING  OVER  THE  GENE RALPH! HU  ;  > 
EROM  TIME  TO  TIME  UNTIL  THEY  ARE  THOROUGHLY  COMPRE 


HEN  D  ED. 
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THE  GENERAL  PRINCIPLES  OF  CHEMICAL 

PHILOSOPHY. 


Definition  op  Chemical  Action. 

The  learner  may  now  proceed  to  study  the  manner  in  which 
substances  act  chemically  on  each  other.  By  acting  chemically 
it  will  be  obvious,  from  the  preceding  experiments,  that  what 
is  meant  is  so  affecting  each  other  that  the  substances  are 
greatly  altered  in  properties.    A  mixture  of  free  oxygen  gas 
and  hydrogen  gas  is  still  a  gas ;  a  chemical  compound  of 
oxygen  and  hydrogen  is  a  liquid,  namely,  water ;  here  is 
great  alteration  in  properties.  Iodine  is  only  slightly  soluble 
in  water,  and  forms  a  brown  coloured  solution,  and  iron  is 
insoluble  ;  but  wheniodiue  and  iron  are  chemically  combined, 
the  product  is  very  soluble  in  water,  forming  a  light-green 
solution  in  which  the  eye  can  detect  neither  iodine  nor  iron, 
and  which  is  utterly  unlike  iron  or  iodine  in  any  one  of  their 
properties.    Sand,  sugar,  and  butter,  rubbed  together,  form 
a  mere  mixture,  from  which  water  would  extract  the  sugar, 
and  ether  dissolve  out  the  butter,  leaving  the  sand.  Tar- 
taric acid,  carbonate  of  sodium,  and  water,  mixed  together, 
form  a  chemical  compound  containing  neither  an  acid  nor 
a  carbonate,  these  bodies  having  interacted   and  formed 
fresh  combinations.    These  illustrations  show  that  chemical 
action  is  distinguished  from  all  other  actions  by  (a)  produc- 
ing an  entire  change  of  properties  in  bodies.    It  also  is  (b) 
exerted  only  between  definite  weights  and  volumes  of  matter. 
This  (a  and  b)  cannot  be  said  of  any  other  action — the  action 
of  any  of  the  other  great  forces  of  nature  (gravitation,  heat, 
light,  electricity,  etc.) ;  hence  the  statements  (a  and  b)  fur- 
nish a  sharp  and  precise  definition  of  chemical  action  or  the 
chemical  force.    Further  (c)  chemical  action  is  only  exerted 
when  the  substances  are  close  together. 

Atoms. 

In  a  chemical  compound,  what  has  become  of  its  consti- 
tuents ?  Let  the  reader  place  before  him  specimens  of  sul- 
phur, iron,  and  sulphide  of  iron  ;  or  iodine,  iron,  solid  iodide 
of  iron,  and  its  solution  in  water  or  syrup  (Syrupus  Ferri 
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Iodidi,  B.P.).   In  the  sulphide  of  iron  what  has  become  of 
the  sulphur  and  of  the  iron  from  which  it  was  made  ?  lhe 
mixture  of  sulphur  and  iron,  in  combining  to  form  sulphide  ot 
iron,  hasnot  lost  weight,  and,  indeed,  by  certain  processes  it 
is  possible  to  recover  its  sulphur  as  sulphur,  and  its  iron  as 
iron;  so  that  we  are  compelled  to  believe  (we  cannot  avoid 
the  conclusion)  that  sulphide  of  iron  contains  partjc  es  o 
sulphur  and  of  iron.    But  how  small  must  be  these  pai  tides ! 
Rub  a  minute  fragment  to  dust  in  a  mortar  and  place  a  trace 
of  the  powder  under  the  highest  power  of  the  best  micro- 
scope ;  no  yellow  particle  is  visible,  not  the  minutest  portions 
of  lustrous  metal,  but  dull-brown  miniature  fragments  of  the 
original  mass.    The  ultimate  particles  of  sulphur  and  iron 
or  of  the  elements  in  any  other  compound  (the  chlorine  and 
sodium  in  common  salt,  or  the  iodine  and  iron  m  solution  of 
iodide  of  iron),  are,  in  short,  too  small  to  be  seen.    Can  they 
be  imagined  ?    Again,  no  !    The  mind  cannot,  conceive  o 
an  ultimate  particle  (sulphur,  iron,  sulphide  of  iron  or  what 
not)  so  small  but  what  the  next  instant  the  imagination  has 
divided  it.  Yet  learner  and  teacher  must  have  some  common 
platform  on  which  to  reason  and  converse.    The  difficulty  is 
met  bv  speaking  of  these  inconceivably  small  particles  as 
KftU,^  indivisible;  from  the  privative .fl !  and 
rLa),  temno  to  cut-that  which  is  not  cut,  or  divided),  an 
idea  first  thoroughly  worked  out  by  our  countryman  Dalton 
at  the  commencement  of  the  present  century. 

The  Greeks  had  a  vague  notion  that  matter  could  not  be 
infinitely  divisible ;  that  there  must  be  some  limit  to  the 
divisibility  of  matter ;  that  all  matter  must  be  made  up  of 
ultimate  particles.    Democritus,  400  B.C    held  that  matter 
was  formed  of  atoms.     But  it  was  Dalton  who,  chiefly 
through  employing  the  balance,  gave  exactitude  to  tms 
notion8,  and,  by "his  broad  mental  grasp  converted  a  vague 
hypothesis  into  a  sound  and  satisfactory  theory  that  all 
the  world  has  since  accepted  and  employed  m  explanation 
of  the  facts  relating  to  those  changes  or  alterations ,  m 
matter  which  had  up  to  his  time  proved  so  ^icable. 
Doubtless  the  theory  is  only  a  theory.    We  may  nevei be 
able  to  demonstrate  the  existence  of  atoms.     But  it  is  a 
theory  supported  by  all  known  facts,  «ne  of  those  sho  t  e- 
flections  of  facts  clear  to  healthily  constituted  minds  ;  more- 
over it  is  the  only  theory  possible  to  the  majority  of  mmds 
in  the  present  state  of  knowledge  and  education. 
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We  cannot  speak  of  iodine  and  iron  uniting  lump  to  lump, 
as  two  bricks  are  cemented  together  or  blocks  of  wood  glued 
together,  for  such  is  not  the  kind  of  action.  We  cannot 
select  minute  fragments  of  each  to  regard  as  the  combining 
portions ;  for  the  minutest  fragment  we  could  obtain  is 
visible,  and  iodide  of  iron  contains  neither  visible  iodine 
nor  visible  iron.  And  yet  iodide  of  iron  contains  both 
iodine  and  iron,  or,  at  least,  a  given  weight  of  the  compound 
is  obtained  from  the  same  weight  of  constituents,  and  the 
same  weight  of  constituents  is  obtainable  from  an  equal 
weight  of  the  compound.  We  might  say  that  molecules  are 
concerned  in  the  operation ;  but  a  molecule  means  a  little 
mass  of — of  what?  there  is  positively  no  word  left  with 
which  to  carry  on  conversation  and  description  but  atoms. 
Any  other  mode  of  treating  the  matter  is  too  subjective  for 
general-  employment.  Moreover,  any  difficulty  in  forming  a 
definite  conception  of  an  atom  is  met  by  regarding  an  atom, 
not  necessarily  as  something  which  cannot  be  divided,  but 
as  "  a  particle  of  matter  which  undergoes  no  further  division 
in  chemical  metamorphoses "  (Kekuld).  Even  physicists 
regard  atoms  from  much  the  same  point  of  view ;  indeed, 
they  often  speak  of  still  larger  portions  of  matter  (molecules) 
as  atoms,  meaning  thereby  "  something  which  is  not  divided 
in  certain  cases  that  we  are  considering"  (Clifford).  Dal- 
ton's  Atomic  Theory  will  again  be  referred  to  within  the 
next  twenty  pages,  more  especially  as  explanatory  of  the 
curious  fixedness  of  the  weights  and  volumes  in  which  ele- 
ments and  compounds  alone  combine  with  each  other. 

The  Chemical  Force. 

What  power  binds  the  atoms  of  a  chemical  compound  to- 
gether in  such  marvellous  closeness  of  union  that  in  the  couple 
or  group  they  lose  all  individuality  ?  Clearly  an  attractive 
force  of  enormous  power,  a  force  remotely  resembling,  perhaps, 
that  which  attracts  a  piece  of  iron  to  a  magnet.  Onlj''  by  such 
an  assumption  can  we  conceive  that  common  salt  contains 
chlorine  and  a  metal  (sodium),  or  that  wood  contains  carbon, 
hydrogen,  and  oxygen.  Were  not  this  force  thus  all-power- 
ful,  the  carbon  in  wood  would  show  its  blackness  and  other 
qualities,  and  the  hydrogen  and  oxygen  give  indications  of 
their  gaseous  and  other  characters.  This  attractive  force  is 
commonly  termed  the  chemical  force,  sometimes  chemical 
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affinity.  The  word  chemism  has  also  been  proposed  for  it, 
just  as  the  magnetic  force  is  termed  magnetism,  but  the 
word  has  not  generally  been  adopted. 

Whence  comes  the  chemical  force?  Whence  comes 
matter  ?  We  can  neither  create  nor  destroy  matter  ;  we  can 
neither  create  nor  destroy  force  We  can  alter  matter ^from 
one  form  to  another;  we  can  alter  force  from  one  foim  to 
another.  The  various  forms  of  compounds  are  thus  co-i  elated 
the  various  forces  are  co-related.  But  of  the  whence  and 
whither,  either  of  matter  or  of  force,  we  know  nothing. 

Molecules. 

A  free,  uncombined  atom  probably  cannot  exist  m  a  state  of 
isolation  at  common  temperatures  for  any  appreciable  length 
of  time   For  we  must  regard  an  atom  as  the  home  of  an  atti  ac- 
tive force  of  great  intensity ;  and  the  moment  such  an  atom  is 
liberated  from  a  state  of  combmation  (say,  hydrogen  fiom 
water,  or  chlorine  from  salt)  it  finds  itself  in  Proximity  to 
another  atom  having  similar  desires  for  union  so  to  speak , 
the  result  is  an  impetuous  rushing  together  and  formation  o 
either  couples,  trios,  or  groups,  according  to  the  nature  ot 
the  atoms.    It  would  be  as  difficult  to  conceive  of ^  separate 
atoms  as  to  imagine  that  a  strong  magnet  and  a  piece  of  steel 
could  be  suspended  close  to  each  other  w  thout  being  drawn 
og  thei.    I?  is,  doubtless,  possible  to  keep  some  pairs  o 
atoms  apart  by  the  aid  of  heat,  just  as  th ^  magnet  and  stee 
may  be  parted  by  a  superior  amount  of  force  ,  but £™n  a  con 
ditfon  of  things  is  abnormal.    These  pairs  and  other  groups 
ofTtoms  are  conveniently  designated  by -the .one ;  wor - 
cule,  the  diminutive  of  mole,  a  mass ;  literally,  lr le .masses. 
Dissimilar  kinds  of  atoms  seem  to  have  greater  attract  on  tor 
each  other  than  similar  kinds  ;  for,  first,  the  masses  of ^  tei 
met  with  in  nature  in  the  great  majority  of  cases  contain M*eo 
or  more  dissimilar  elements  ;  and,  secondly,  at  the  moment 
certain  elements  are  liberated  from  their  combinations  the* 
are  very  specially  active  in  combining  with  other,  di&ient, 
elements  ;  that  is  to  say,  the  chances  are  not  eqnn  that  the 
liberated  elements  will  either  retain  their  elementary  con- 
dition or  combine  to  form  compounds,  but  the  cases  m  which 
compounds  are  formed  are  actually  in  great  majority. 

The  stucly  of  the  chemistry  of  molecules,  qud  molecules,  is 
of  greai !  interest ;  but  the  study  of  the  chemistry  of  the  atoms 
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or  groups  of  atoms  within  molecules  is  of  enormously  greater 
interest.  A  molecule  of  nitrogen,  for  instance,  is  not  very 
active  ;  an  atom  of  nitrogen  has  activity  which  even  the  most 
advanced  chemist  finds  difficult  of  realization. 

Recapitulatory. 

It  is  desirable  that  the  learner  should  here  make  some  ex- 
periment which  will  serve  to  bring  again  under  notice  in  an 
applied  or  concrete  form  what  has  just  been  stated  respecting 
the  substances  termed  chemical  compounds,  and  concerning 
the  character  of  that  chemical  force  which  resides  in  the 
atoms  of  molecules.  The  following  will  usefully  serve  this 
purpose  ;  it  is  the  process  for  detecting  a  trace  of  sulphurous 
acid  in  common  liquid  hydrochloric  acid. 

As  already  proved,  hydrogen  gas  and  chlorine  gas,  when 
inter-united  in  a  manner  presently  explained,  form  hydro- 
chloric acid  gas:  the  latter  dissolved  in  water  is  the  ordinary 
colourless  liquid  of  the  shops  termed  Hydrochloric  Acid, 
the  Acidum  Hydrochloricum  of  pharmacopeias.  Common' 
yellow,  acid  not  infrequently  contains  as  an  impurity  a 
trace  of  sulphurous  acid  gas,  a  body  also  already  mentioned 
and  experimentally  prepared— a  trace  too  small  to  be  detected 
by  its  6dour.  Obtain  a  specimen  of  common  liquid  hydro- 
chloric acid  containing  as  an  impurity  a  trace  of  sulphurous 
acid,  or  adopt  the  more  simple  course  of  purposely  adding  a 
few  drops  of  aqueous  solution  of  sulphurous  acid  {Acidum 
Sulphurosum*  B.P.)  to  some  hydrochloric  acid.  (If  no 
sulphurous  acid  is  at  hand,  the  object  may  be  accomplished 
by  putting  a  quarter  or  half  an  ounce  of  liquid  hydrochloric 
acid  into  a  wide-mouthed  bottle,  then  burning  a  fragment 
of  sulphur  on  a  wire  or  strip  of  wood  inside  the  bottle  for  a 
few  seconds,  and  shaking  the  gas  and  liquid  together.)  Pour 
some  of  the  impure  liquid  hydrochloric  acid  into  a  test-tube, 
add  about  an  equal  bulk  of  water,  and  then  drop  in  a  few 
fragments  of  the  metal  zinc.  Effervescence  will  occur,  due 
to  the  escape  of  inodorous  hydrogen  gas,  together  with  a 

^p?SmeTadd8S0lUti0118  °f  aCklS  ai'e  gCneral]y' for  the  sakc  of  ***** 
A.G 
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small  quantity  of  a  badly-smelling  gas  termed  sulphuretted 
WdWen  Bring  the  mouth  of  the  tube  near  the  nose ;  the 
Xe-e  of  sulphuretted  hydrogen  will  at  once  be  recog- 
nised. 

The  hydrochloric  acid  has  cow  been  tested  for  sulphurous 
A     Tf  the  Moeriment  be  performed  on  any  commercial 
acid,    It  the expo im 1  sulphuretted  hydrogen 

roWed'/the  operkS  -ill  at  once  be' able  to  state  that 

t!  ££ caution  ol 
JZSZ^  S  occurs  in  the  successive  steps 

"'^dSloricS^Tc^ 

Hydiochloricaci  compound,  and  not  a  mere 

the  fact  thati •»  1"**-^ ^hS  power  or 
properties  of  its  coiistit  ten a     J-  motoIes  of 

7mc  beina  introduced  into  the  acid,  and  the  atoms i  01  zinc 
^d  chlorfne  having  even  St ill  greater  a~l  to  «* 

cKine^  .t^jS-S 

fe/aS  h-fg 

i      Tf  tVm  nnid  be  impure  from  tne  piebeuoo  ui  □ 
pCcus  addtlpbtous  acfi  gas,  « 

The  water  already  in  the  vessel. 
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Note. — Ordinary  hydrogen  gas — that  is,  hydrogen  in  the 
molecular,  not  in  the  atomic  or  nascent  condition — will  not 
thus  attack  sulphurous  acid.  Doubtless  the  amount,  or  ex- 
tent of  attraction  of  two  atoms  of  hydrogen  for  one  atom  of, 
say,  the  sulphur  in  the  sulphurous  acid  molecule,  is  a  con- 
stant amount ;  but  the  uncombinecl,  nascent  atoms  can,  it  is 
only  fair  to  suppose,  get  much  nearer  to  the  attacked  mole- 
cule than  they  can  after  they  have  themselves  combined  to 
form  a  molecule,  molecules  (but  scarcely  atoms)  having  an 
appreciable  amount  of  space  between  them,  as  will  be-further 
shown  almost  immediately.  In  other  words,  it  is  probably 
distance  which  prevents  an  attack  which  would  be  inevitable 
at  close  quarters.  These  remarks  apply  to  all  similar  re- 
actions of  other  elements.  The  great  activity  of  nitrogen  in 
what  the  student  will  now  see  is  its  atomic  rather  than  merely 
nascent  condition,  as  compared  with  its  slight  activity  in  what 
now  may  be  termed  its  molecular  condition,  has  already  been 
alluded  to  (page  18). 

Conditions  and  Nature  of  the  Manifestation  of  the 

Chemical  Force. 

The  exertion  of  chemical  affinity  is  only  possible  when  the 
masses  of  the  bodies  touch.  Thus  it  was  necessary  to  bring 
the  oxygen,  hydrogen,  phosphorus,  chlorine,  sulphur,  carbon, 
iodine,  and  iron  into  ordinary  contact,  in  the  respective  ex- 
periments with  those  elements,  before  the  various  reactions 
occurred.  The  exact  nature  of  these  actions,  as  indeed  of  all 
in  which  substances  act  chemically,  would  seem  to  be  an  in- 
terchange, most  generally  a  mutual  one,  of  the  atoms  of  which 
the  molecules  consist — a  change  of  partners,  so  to  speak. 
Thus,  in  the  experiment  in  which  hydrogen  and  chlorine  gases 
united  to  form  hydrochloric  acid  gas,  a  pair  of  atoms  in  a 
hydrogen  molecule  and  a  pair  of  atoms  in  a  chlorine  molecule, 
finding  themselves  opposite  to  each  other,  changed  places, 
the  atoms  of  each  of  the  old  molecules  unlinking,  so  to  say, 
and  pairing  off  in  fresh  couples. 

/Hydrogen)  , /Chlorine)  be-  (Hydrogen  \  ,  (Hydrogen ) 
)HydrogenjandtChlorinefcome|  Chlorine  Jand|  Chlorine  J 

Or,  using  the  symbols  of  these  olements  instead  of  the  full 
names,  H  H  and  CI  CI  become  H  CI  and  H  CI.  Still  further 
economizing  space  and  trouble,  the  statement  may  be  made 
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in  the  following  form  :-H,  and  Cls  become  2HCS.  Once 

It  is  the  shortest  and  most  convenient  form,  and  is  instructive 
and  suggestive  to  the  mind. 

Chemical  Notation. 
We  have  thus  gradually  arrived  at  a         ^  *h^th 

?ofonWyf"r  tn  W  or  suStance  «  hydrogen,"  but,  for  one 
™  n. hlT  Large  and  small  figures  (2  or  „)  indicate 
fcLesS ^xonber  of  atoms,  the  small  figure  only  mul- 
a  coiresponum^  9Ymbol  to  which  it  is  attached, 

w&^ge  %rSi  H^  all  the  symbols  it  precede, 

?hus  H  means  uvo  atoms  of  hydrogen,  and  OL  two  atoms  of 

nVlorine  -  while  2HC1  means  two  atoms  of  hydrogen  and  two 

f      nf^Lorfne  or  in  one  word,  two  molecules  of  hydro- 

Nffio  acid  eas   '!« Srd  function  of  such  a  symbol  asHor 

H  ?s  tha  of  indicating  one  volume  of  the  element  m  the 
01  is  tnat  oi  m  6  fi       for  the  gub. 

fences named  hydr gen,'  Serine  and  oxygen';  secondly  for 
J^ie  atonS  of  hydrogen  chlorine,  and  oxygen ;  thirdly,  they 
81  S  L^ftMe  and  equal  volumes  of  chlorine,  hydrogen,  and 
represent  W;nJee^membered  that  one  tcst-tubeful  of 
Fffim  and  an  equal-sized  test-tubeful  of  chlorine  were 
^Tofed,  in  aprevLs  experiment,  in  forming  hydrochloric 

a0Thea?oS  of  symbols  counts  for  something.  Thus  HC1 
indues  not  only  the  substances  hydrogen  and  chlonno, 
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single  atoms  of  each  of  the  substances,  and  equal  volumes  of 
each,  but  also  that  the  two  substances  are  joined  together  by 
the  chemical  force.  If  the  two  letters  were  placed  one  under 
the  other,  or  at  some  distance  apart,  or  were  separated  by  a 
comma  or  a  plus  sign  (  + ).  they  would  be  understood  to  mean 
a  mere  mixture  of  the  elements  ;  but  placed  as  close  as  the 
printer's  types  will  conveniently  and  consistently  allow,  they 
must  be  considered  to  stand  for  a  compound  of  the  elements, 
that  is  to  say,  hydrochloric  acid  gas  (HC1).  The  collection 
of  symbols  representing  a  molecule  is  termed  a  formula. 
Ho,  Clo,  and  HC1  are  the  formula}  of  hydrogen,  chlorine, 
and  hvdrochloric  acid  gas. 

H2  +  C13  =  2HC1. 

Such  a  set  of  letters,  figures,  and  marks  as  that  on  the 
above  line  is  collectively  termed  an  equation,  because  it  indi- 
cates the  equality  of  the  number  and  nature  of  the  atoms 
before  and  after  chemical  action.  On  the  left-hand  of  the 
sign  of  equality  (  =  )  are  shown  two  molecules,  and  on  the 
right-hand  two  molecules ;  but  of  the  molecules  on  the  left, 
one  contains  two  atoms  of  hydrogen  and  the  other  two  atoms 
of  chlorine,  while  of  the  molecules  on  the  right  each  contains 
one  atom  of  hydrogen  and  one  of  chlorine.  The  equation 
forms  a  short  and  convenient  plan  of  recording  the  facts  of 
experiment. 

Instead  of  an  equation,  a  diagram  may  be  employed  to 
exhibit  the  same  facts.    Thus  : — 


PHYSICAL   AND    CHEMICAL   CONSTITUTION  OF 

MATTER. 

Relations  of  Cases,  Liquids,  and  Solids. 

Molecules  of  gases  are  not  in  absolute  contact,  for  a  volume 
of  gas  may  be  compressed  with  very  little  force  to  half  or  one- 
fourth  its  bulk— in  short,  to  such  an  extent  that  in  many 
cases  the  molecules  sufficiently  approximate  to  form  a  liquid 
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In  a  liquid  the  molecules  are  still  free  to  glide  about  with 
ease  amongst  each  other;  and  though  in  s ^  hds  thej ex^u  _ 
less  mobility,  still  even  solids  may  a»ed  by  p 

fal  pressure,  so  that  J^^^^Z  researches  of 
in  .abso  ute  contact    ^  there  WOuld  seem 

liquid,  and  solid  conditions  of 

picture  of  the  relative ,  position ^  ^  ifture  as 

vaporous,  liquid,  or  solid  mattei  must  be  sucn  p 

that  of  the  moving  Partlfle;,f/^V°      the  planets  and 
or  such  a  relation  to  each  othei  as  ^tai 
stars  suspended  m  space.    There  is  aounaa        i  t 
evidence  to  wan-ant  such  a  conception  Adear^tonap 
fluid  appears  perfectly  ^mogeneous,  but  i^  not  s  ^ 
particles  are  not  m  contact.    Eveiy  peiso n 
5  pints  of  rectified  spirit  with  S  pin *  °*  w^^of  water 
the*  100  fluid  ounces  of  ^  and  60  fl ui    «    ,  but 
do  not  when  mixed  give  160  ounces  ot     P  l  » 

only  156  ounces:  the  ^cules  of  th e  ^^af  ^ 
closer  together,  having  probably  a  lit  le  iousl 
other.  Having  gone  closer  together .  ^.  ^e^0t  ^  even 
so  close  together;  ^^^^^^o^i^ 
liquids  are  porous.  Why  a  gas  ^dei  P16^  ssure  is 
diately  return  to .its  original  bulk ,  Jly  resumes 

removed,  while  a  liquefied  or  so  1  di  o^y  b      y  eg 

the  gaseous  or  vaporous  state  is  a         *onf        otherH  than 
for  discussion  a  knowledge  of  the  nature f  forces ^  otn 
the  chemical    For  it  must  be  rernern^ beie d  ti. 
the  chemical  force  is  mainly -the  study  oi  1 
tution  of  molecules;  *e  Btudy  of  &e  pope^es 
molecules  forming  the  domain  of  ^j^f ^ms/  nature; 
Natural  Philosophy.    (Physics  fron {ons 
that  is,  visible  and  material  Nature  the ^  studj  ° 
and  reactions  which  do  not  invol ve  en tne  a nd  i 
change  in  the  properties  of  ^dies-t he  study o 
of  heat,  light,  electricity,  magnetism,  gravitati  , 

matter.)  ,    qomethine  more  about 

It  is  necessary,  however,  to  state  sometm g 

the  physical  as  wel as  the  <^£^%%^fer 
culesof  a  «M,  in .order  that  the  1  o.  »  ekmenVin  00m- 
the  fact  that  mixtures  of  offl^JJ"  considerably  in 
bining  to  form  gaseous  compounds,  diminisn  uuu 
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volume.  Thus,  while  a  pint  of  hydrogen  and  a  pint  of 
chlorine  give  a  quart  of  hydrochloric  acid  gas, — 


Hydrogen. 


Chlorine. 


Hydrochloric  acid  gas. 


two  pints  of  hydrogen  and  one  of  oxygen  are  necessary  to 
produce  a  quart  of  gaseous  water  (steam).  It  will  be  re- 
membered that  two  volumes  of  hydrogen  and  one  of  oxygen 
were  necessary  in  a  previous  experiment  in  which  water  was 
formed. 


Hydrogen. 


Hydrogen. 


Oxygen. 


Gaseous  water  (Steam). 


Now,  that  a  pint  of  hydrogen  gas  and  a  pint  of  chlorine  gas 
should,  after  chemical  reaction  or  rearrangement  of  the 
atoms  of  the  molecules  has  taken  place,  form  two  pints  of 
hydrochloric  acid  gas,  is  quite  what  we  should  expect.  3Tor, 
first,  the  reader,  by  this  time,  is  not  astonished  that  chemical 
combination  is  attended  by  entire  change  of  properties  ;  and, 
secondly,  the  experience  of  years  has  led  him  to  expect  that 
a  pint  of  one  thing  added  to  a  pint  of  another  gives  two  pints 
of  the  mixture.  But  that  two  pints  of  hydrogen  and  one 
pint  of  oxygen  should,  after  combination  (and  under  like 
conditions  of  temperature  and  pressure),  give,  not  three,  but 
two  pints  of  product  (steam)  is  perhaps  somewhat  astonishing 
and  needs  explanation.  To  th  is  end  let  us  picture  a  few  of 
the  molecules  of  hydrogen  and  as  many  molecules  of  chlorine. 
Draw  with  a  pencil  on  paper  several  pairs  of  crosses  ( +  + ) 
to  represent  hydrogen  molecules,  and  circles  (o  o)  for  chlorine 
molecules,  or,  if  coloured  ink  is  at  hand,  red  pairs  of  dots  for 
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hydrogen  and  green  for  chlorine.  Or,  at  once,  for  facility  m 
printing,  let  the  following  pairs  of  letters  hh  represent  a  few 
(say,  nine)  molecules  of  hydrogen,  and  c  c  molecules  (nine) 
of  chlorine — before  combination  : — 


hh 

hh 

h  h 

c  c 

c  c 

c  c 

hh 

hh 

hh 

c  c 

c  c 

c  c 

hh 

hh 

hh 

c  c 

c  c 

c  c 

Then,  after  combination,  we  shall  have  eighteen  molecules 
of  hydrochloric  acid  gas  :— 


h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

h  c 

But  when  two  volumes  of  hydrogen  and  one  of  oxygen 
combine  and  give  two  volumes  of  steam,  the  mental  picture 
must  be,  not  that  of  molecules  somewhat  nearer  to  each  other 
than  before,  nor  any  difference  in  the  size  of  the  molecules 
but  a  picture  of  molecules  each  containing -three  instead  oi 
two  atoms-thus,  still  using  pairs  of  letters,  just  for  the 
moment,  to  represent  a  few  (the  space  will  allow  only  twenty- 
seven)  molecules: — 


Tha  twentv-seven  molecules  (eighteen  hydrogen  nine 
oxygen)  lm%Z  combination,  become  eighteen  molecules 
of  steam : — 


hoh  hoh  hoh 
hoh  hoh  hoh 
hoh     hoh  hoh 


hoh  hoh  holi 
hoh  hoh  hoh 
hoh     hoh  hoh 


As  already  suggested,  one's  mental  pleture  e£  a  nnmber  of 
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molecules  may  well  give  tliem  such  a  relation  to  each  other 
as  that  of  a  number  of  solar  systems  in  the  universe,  equally 
distant  from  each  other,  and  each  occupying  a  similar  space, 
yet  one  system  containing  a  sun  and  one  planet,  another  a 
sun  and  two  planets,  and  so  on,  or  even  one  or  more  of  the 
planets  having  one  or  more  moons.  Indeed,  the  atoms  in 
some  very  complex  molecules  really  appear  to  have  very 
much  the  relation  to  each  other  of  the  sun,  planets,  and 
moons  of  a  solar  system.  To  indicate  such  molecules  by 
letters  as  above  would  of  course  require  more  space  than  is 
there  given  to  the  assumed  pictures  of  molecules. 

Here  occurs  an  opportunity  that  must-  not  be  lost  of 
stating  a  mode  of  reasoning  by  which  a  molecule  of  oxygen 
(or  of  many  other  elements)  is  shown  to  be  a  double  struc- 
ture— shown  to  contain  two  atoms.  Five  equal-sized  bottles 
are  before  us,  two  filled  with  hydrogen,  one  with  oxygen,  and 
two  with  steam.  (The  bottles  are  hot  enough  to  prevent  the 
steam  condensing  to  water,  and  all  five  are  at  the  same 
temperature.)  Apply  heat  so  that  all  shall  be  equally  heated, 
the  three  different  substances  expand  equally.  Cool  equally, 
the  contents  contract  equalhj.  Apply  equal  pressure  to  all 
five,  each  is  equally  affected.  Diminish  pressure  equally,  each 
portion  of  the  three  substances  equally  expands.  Gases 
(practically  steam  is  a  gas,  it  is  simply  not  a  permanent  gas) 
— gases  thus  similarly  affected  must  be,  physically,  similarly 
constructed  or  constituted  (a  law  which  will  again  be  referred 
to  on  page  52);  each  bottle  must  contain  the  same  number  of 
particles  or  molecules,  and  at  any  one  temperature  and  pres- 
sure the  molecules  in  each  must  be  equally  distant  from  each 
other.  We  do  not  know  what  actual  number  or  distance,  but 
whatever  be  the  number  and  distance,  it  is  the  same  for  each 
bottle.  Say  that  one  million  is  the  number,  then  we  shall 
have  a  million  of  molecules  in  the  first  hydrogen  bottle, 
a  million  in  the  second,  a  million  in  the  oxygen  bottle,  and  a 
million  in  each  of  the  steam  bottles.  We  will  cause  chemical 
combination  between  the  two  millions  of  hydrogen  molecules 
and  one  million  of  oxygen  molecules,  producing  (as  we  have 
seen)  two  millions  of  steam  molecules,  having  the  properties 
already  stated.  But  a  molecule  of  steam  contains  an  atom  of 
oxygen.  Hence  two  millions  of  steam  molecules  contain  two 
millions  of  oxygen  atoms,  which  two  millions  of  oxygen  atoms 
have  been  obtained  from  one  million  of  oxygen  molecules. 
Therefore  each  molecule  of  oxygen  was  a  double  structure — 
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each  molecule  of  oxygen  contained  at  least  two  ato,s  of 
oxygen    As  Clifford  says,  "  you  cannot  put  50  horses  into 

liquid  and  solid  matter  is  stil  more  limited 

With  regard  to  the  notation  of  the  subject,  it  wu  u 
seSett TaUte  he™,  that  while  a  ^ 
aenta  ene  vetae  °f  aey  £  «  ti£ 
ropottr  represents   two  volumes,     gy  R  h 

general  rule  we  may,  hy  looking  at  a ^omnla,  te  ™  % 

flumes  ^^^^^^^^^  if 
a  compound,  and  therefore  what  amount  ^ 

any,  occurred  during  the  act  of  *°^ttoii.  y 
inland  interpreting  ^  .fo™^e7a^)Xy  be  obtained 
two  volumes  of  steam  C^JT£d one  volume  of  oxygen 
from  two  volumes  of  hycliogen ^anu  u  ,  f 

(at  the  same  temperature),  and  thus  ^at  the  exten t  oi 
densation  when  hydrogen  and  oxygen  (at  a jrtatt*  P 
ture)  unite  to  form  gaseous  wat  6be  t}.eated  of 

Gravity  of  Gases. 
Further  Remarks  on  General  Chemical  Notation. 

We  may  now  take  an  expe ^^^t^ 
tional  example  of  chemical  action  and  de^be 
way  of  expressing  the   same  by  caused  to 

volumes  of  hydrogen  and  one  of  oxy  en ^  we  ^ 
combine,  the  production  of  J^a£ken  had  the 

chemical  action  of  some  kind  had  taie    1    ^     q{  the 
experiment  been  Panned  in  di  y  vessels  ^ 
precise  action  would  have  been the  sidetf  0f 
produced  by  the .condensation  of  the  J^tei  o 

?he  tube.  Similar  ^TlZL  ^me  The  action  is  ex- 
glass  surface  over  the  hydioge  Q     2H  a 

jessed  in  the  following  .^^S^gWat  may  be 
Instead  of  this  equation,  the  louown  g 


employed :— 
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The  foregoing  aggregation  of  symbols  or  shorthand  charac- 
ters, or  formula,  H20,  is,  then,  a  convenient  picture  of  the 
facts  that  have  already  come  before  us,  viz.,  that  water  is 
formed  of  the  elements  hydrogen;  H,  and  oxygen,  0  ;  more- 
over, that  it  is  formed  of  two  measures  or  volumes  of  hydro- 
gen, EL,,  to  one  of  oxygen,  0  ;  and,  thirdly,  that  the  mole- 
cule of  water  (H20)  is  formed  of  two  atoms  of  hydrogen 
(H2)  and  one  of  oxygen  (0).  The  formula  also  fulfils  the 
fourth  function  of  indicating  that  the  two  volumes  of 
hydrogen  and  one  of  oxygen  in  combining  condensed  to  two 
volumes  of  steam.  That  the  resulting  bulk  of  steam  after- 
wards shrunk  most  considerably  in  condensing  to  water,  is 
another  matter  altogether,  a  physical  and  not  a  chemical 
result,  and  due  to  the  approximation  of  the  molecules  of 
water  after  formation. 

Another  experiment  already  performed,  illustrating  the 
character  of  the  manifestations  of  chemical  force  (symboli- 
cally noted  as  follows),  was  that  in  which  the  red-hot  carbon 
of  wood  was  plunged  into  oxygen.  The  evidence  of  chemi- 
cal action  in  that  case  was  the  sudden  inflammation  of  the 
carbonaceous  extremity  of  the  wood.  The  particles  of  car- 
bon and  oxygen  having  intense  attraction  or  affinity  for  each 
other  at  that  temperature,  rushed  together  so  impetuously  as 
suddenly  to  produce  a  large  additional  quantity  of  heat,  an 
amount  sufficient  to  cause  the  particles  to  emit  an  intense 
white  light.  The  action  is  expressed  on  paper  in  either  of 
the  following  ways  : — C2  +  202  =  2C02  ;  or, 


C02  is  the  formula  of  the  well-known  gaseous  body  com- 
monly termed  carbonic  acid  gas 
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The  reader  should  here  draw  for  himself  equ atiom .  or 
diagrams  similar  to  those  on  pages  37  and  43  and  thus 
show  the  formation  of  the  three  other  bodies  he  has  already 
proLed-namely,  phosphoric  anhydride  (P,06),  Borons 
acid  gas  (SO,),  and  iodide  of  iron  (Fe  I2),  submitting  the 
samefif  possible,  to  a  tutor  or  other  authority  to  assure 
himself  of  their  correctness. 

Nntr     In  the  foregoing  experiments  several  illustrations 

matter  in  the  universe  apparently  exists. 

Laws  of  Chemical  Combination  (by  Weight). 

'  Chemistry  as  a  ^**^J%£^^ 
old,  ^^^^i^SlfcS  items  of  know- 
term  c^^aLtLs  Thus  the  ancient  Egyptians  made 
ledge  for  centuries.     xiius>  the  Greeks  started  the 

glats,  vitriol,  soap,  and  vinegar    and  the  toe** 
klea  that  matter  was  composed  of  a  few  element B       g  * 
earth,  air,  fire,  and  water  to  be  element^  I. ^  shoit,  c 
try  as  an  art  was  already  very  ex  tensive  ah una 
yelrs  ago.    But  the  great  general  p i  mcipl «  ^ 
and  bind  together  separate  fact .those  wu i 
extensive  application  and  impo rtan°e  are  ^ no 
have  all  been  brought  to flight  since .the ^ai  ^  ^ 
m0re  than  a  single  century  ago, : Lavo       ,  by  1     ^  f 
aid  of  the  balance,  converted J* ^^^^^psloA 
a  science  which  has  since  grown  ^^J^  by 
hounds,   (Lavoisier  was  born  m  ^^Tayfof  respite  to 
£5ST£S  rl9seaiie  Sas  refused  pn  the  ground  that 
"  the  republic  has  no  need  of  chemists.  ) 

First  Law  relating  to  Chemical  Combination. 

.r,o-     a  isnn  TWin  Hi"-<rins,  William  Higgins, 
Between  178a  ^^^m-Jt*  analyses  and  researches 
Wenzel  Richter  and  ^^f^S.^-When  con, 
which  led  up  to  the  allowing ,  g  %  substonCcs,  they 

pounds  unite  to  form  defi     c  ^  The  curious 

£  fTot  tildZt  4  most  striking,  and  .deed 
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is  so  now,  to  the  mind  receiving  it  for  the  first  time.  Thus 
water  (a  compound)  added  to  quicklime  (a  compound)  gives 
slaked  lime,  a  perfectly  definite  chemical  substance.  But 
whereas  sand  and  water,  sugar  and  water,  sand  and  sugar, 
and  such  mechanical  mixtures  may  be  obtained  by  adding 
together  the  ingredients  in  any  proportions  whatever,  say, 
90  of  sugar  and  10  of  sand,  or  10  of  sugar  and  90  of  sand, 
such  a  chemical  mixture  as  slaked  lime  (say  100  parts)  in- 
variably results  from  the  combination  of  75|  of  quicklime 
and  24|  of  water.  If  a  larger  proportion  than  75|  per  cent, 
of  quicklime  be  employed,  the  excess  remains  as  quicklime 
mixed  with  the  slaked  lime  ;  and  if  more  than  24|  per  cent, 
of  water  be  used,  an  excess  of  water  remains  with  the 
slaked  lime  and  evaporates  if  the  mixture  be  exposed  to  the 
air.  Dalton  discovered  that  when  elements  unite  to  form  a 
definite  substance,  they,  like  compounds,  always  combine  in 
the  same  proportions ;  and  he  was  the  first  to  set  forth  the 
law  in  a  manner  which  was  at  once  clear  and  comprehensive 
enough  to  include  the  former  generalization.    Thus  : — 

A  definite  compound  alivays  contains  the  same  elements 
in  the  same  proportions. 

Take  another  example.  Common  salt  always  contains  39^- 
per  cent,  of  the  metal  sodium  to  60|-  of  chlorine,  and  water 
always  89  of  oxygen  to  11  per  cent,  of  hydrogen  (more 
exactly  88-89  to  11*  11).  As  with  the  quicklime  and  water, 
so  with  the  chlorine  and  sodium,  and  the  constituents  of 
many  (not  all)  chemical  compounds ;  in  such  cases,  if  either 
be  added  to  the  other  in  any  qxiantity  beyond  stated  propor- 
tions, the  excess  plays  no  part  whatever  in  the  act  of  com- 
bination. (In  some  cases,  as  will  be  seen  directly,  excess 
of  either  plays  a  very  simple  but  very  remarkable  part.) 
In  short,  whether  a  compound  be  made  directly  from  its 
elements,  or  by  the  combination  of  other  compounds,  or  in- 
directly as  one  of  two  products  of  the  action  of  substances 
chemically  on  each  other,  whatever  be  its  origin,  if  it  is  a 
definite  compound,  it  always  contains  the  same  elements  in 
the  same  proportions.  This  is  the  first  of  the  two  laws 
governing  chemical  combinations. 

Second  Laio  relating  to  Chemical  Combination. 

Dalton  further  made  such  experimental  researches  as 
enabled  him  to  lay  down  a  second  great  law.    He  found  that 
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while  many  substances  only/united  chemically  in  one  pro- 
portion, others  combined  in  two  or  even  moie      nd  « 

donate  weight  of  carbon  and  oxygen  aa gl 
(to  use  the  simplest  figures)  8 .  ^,4'^°°S\ir)  Stains 
formed  when  charcoal  is  ^™Jf w0^°68^  proved  that  a 
3  nf  carbon  to  exactly  twice  4  ot  oxygen,  a  , 
si^reTation  exisfd  ^^J^St^^ 
and  hydrogen,  and  between  a  c  ustei  o f  ooxnp  ^ 
nitrogen  and  oxygen.    The  first  ot  tne  ,  q£ 

quantity  of  nitrogen  contains  a  ^mof  ^ ^gen  has 
Oxygen;  the  next,  to  ^me0^^d°t£  othWhave 
exactly  = .the F^^U  oxygen  as  the 
^X^&itrogen  remaining  the  same  through- 
out   Dalton  thus  generalized  these  facts 

Wien  Uoo  element  unite  in  ^2 
the  resulting  compounds  contain,  to  *  f^^jXr-or 
of  one  element,  simple  ^^^f^^^to 

simple  retatfon  to  each  other. 

Thus  carbonic  oxide  gas  is  a  definite  <^^^ 

containing  fixed  J?osf^^^^  always  con- 
carbonic  acid  gas  is  also  a  de&ute^ompo  ^  ^ 
taining  fixed  proportions  d !  carbon  and  oxy« 

i^Sra  ffJK5« 

S»  and  exactly  twice  40  o   oxygon  M  t„„  tot 

The  second  law  eanno *  m  tad     Sand amfstrgar,  ov  any 
when  freshly  nnvoiled  to  the  mmta  o 
^stances  which  do  not  act  *mtc«^      to  8Q 
be  mi»d  in  the  proper  t one  ol  w  to  to  lmni 

„r  any  other  'i^^f0%^n elements  will  them- 

0S«nwiS  SclSnewfrh  40  oi  ,Usc„ 
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70  of  carbonic  oxide;  and  this  gas,  which,  had  it  the  oppor- 
tunity, would  combine  with  40  more  of  oxygen  and  form 
carbonic  acid  gas,  finding  only  half  that  quantity,  namely  20 
of  oxygen,  present,  contents  itself  by  one  half  (that  is  35  of 
carbonic  oxide)  accepting  the  20  of.  oxygen  and  becoming 
carbonic  acid  gas,  while  the  other  half  remains  as  carbonic 
oxide.  This  is  a  most  wonderful  fact.  Again,  if  30  parts 
of  carbon  be  burnt  in  more  than  80,  say  85,  of  oxygen,  only 
80  will  be  used,  the  other  5  remaining  as  oxygen  merely 
mixed  with  the  resulting  carbonic  acid  gas.  If  we  attempt 
to  burn  30  parts  of  carbon  in  less  than  40  of  oxygen,  the 
oxygen  will  take  up  three-fourths  its  weight  of  carbon  and 
form  carbonic  oxide,  while  the  excess,  of  carbon  will  remain 
as  carbon. 

Eecapitulation. 

Nature  does  not  always  permit  man  to  mix  things  in  any 
proportions  he  pleases.  She  does  sometimes.  She  does  if 
he  only  stirs  things  together,  or  if  he  only  uses'  the  attrac- 
tions of  adhesion  or  cohesion  in  binding  the  materials  to- 
gether ;  but  if  he  employs  chemical  attraction,  she  restricts 
him  to  special  proportions.  That  is  to  say,  if  the  things 
mixed  do  not  attack  one  another  or  intimately  combine,  then 
admixture  may  be  effected  in  any  proportion ;  and  the  mix- 
ture is  a  mere  mixture  having  the  mean  properties  of  its 
components.  Examples  of  such  mixtures  are  seen  in  com- 
pound plasters,  pill-masses,  confections,  and  plum-puddings. 
But  if  the  things  do  unite  to  form,  not  a  mere  mixture 
having  the  mean  properties  of  its  components,  but  a  com- 
pound having  new  and  distinct  and  definite  characters  of  its 
own,  then  Nature  does  not  permit  man  to  combine  the  things 
in  any  proportion  he  pleases.  The  proportion  is  a  fixed  and 
constant  one ;  and  if  he  substitutes  proportions  of  his  own, 
the  things  unite  in  the  proportions  fixed  by  Nature,  and  the 
excess  he  has  added  either  remains  in  its  original  un com- 
bined condition,  or  it  combines  with  the  compound  already 
produced  to  form  a  second  different  compound.  Any  one 
compound,  that  is,  the  same  compound,  always  contains  the 
same  elements  in  the  same  proportions,  and  can  only  be 
made  from  the  same  elements  in  the  same  proportions.  An 
attempt  to  mix  the  same  elements  in  other  proportions  would 
result  in  one  of  two  failures,  namely,  either  the  extra  propor- 
tion would  remain  free  and  uncombined,  or  it  would  combine 
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and  convert  the  first  compound,  or  a  E^J*^^ 
different  compound.  The  fresh  compound  thus  produced,  like 
£  £  anTindeed  like  all  definite  compounds,  of  course 
always  contains  the  same  elements  in  the  same  proportions 

In  short 7  aw  1),  any  definite  compound  always  contains 
tli  same  ekmlnts  in  the  same  proportions,  and  (law  2)  any 
two  eCents  uniting  in  more  than  one  proportion  unite  m 
SS  tlat  proportion,  and  produce  so  many  different 
deS  compounds1!    Taking  hydrogen  as  T^^af  i?  6 

afnatural  facts,  g/eat  enough  to  be  digmfied  by  he 
nf  in  all  their  inherent  solidity  and  simpncuj . 

P^oSnf&n^ 

gladly  hail  the  extremely  iBgemous  and  fol. 
of  these  truths  suggested  by  Dalton  1  ■  S  rf 
lowing  paragraphs  on  the  *^ory  tna^d  d  in  so  questioning 
atoms).    But  man  has  not  yet  ™™^m^a£r  to  such 

The  facts  themselves,  however,  should  be  giaspeu 
student's  utmost  tenacity  consideration   of  the 

Reciprocal  proportions. -O^ul  con^iae  io 
foregoing  two  great  laws  relating  to  cnom  °a  .    s  ft, 

leads  to°an  important  truth name y  thl)s 
rvhich  tioo  elements  unite  »»»  proportion*)  in 

(or  rtnpfe  multiples  or  *^^$J%*U  in  propor- 

&  masoning  termed  geomctncal. 
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The  Atomic  Theory. 

The  laws  which  Dalton  so  largely  aided  to  unveil — two 
grand  and  wonderful  truths — he  explained  and  correlated  by 
a  simple  and  beautiful  hypothesis  (1803  to  1808).  Why 
should  any  given  compound  always  contain  the  same  ele- 
ments in  such  absolutely  fixed  proportions  ?  Why,  when  an 
element  combines  in  more  than  one  proportion,  forming  more 
than  one  given  compound,  should  it  combine  in  exactly 
multiple  proportions  ?  The  first  answer  must  be  that  no 
one  knows — that  is  to  say,  that  we  are  unable  to  refer  to  any 
demonstrable  fact  for  the  answer.  But  a  century  ago  the 
same  Englishman  devised  an  explanation  that  has  satisfied 
the  world.  Dalton's  explanation  was  that  matter  teas  not 
infinitely  divisible,  but  composed  of  minute  particles  or 
atoms  having  an  invariable  character.  In  the  words  of 
Wurtz,  "  To  an  old  and  vague  notion  he  attached  an  exact 
meaning,  by  supposing  that  the  atoms  of  each  kind  of 
matter  possess  a  constant  iveight,  and  that  combination 
between  tico  kinds  of  matter  takes  place  not  by  penetration 
of  their  substance,  but  by  juxtaposition  of  their  atoms." 
Dalton  raised  the  old  Grecian  hypothesis  (see  page  30)  to 
the  dignity  and  importance  of  theory,  and  gave  to  it  a  quan- 
titative foundation. 

Under  this  "atomic  theory,'' carbonic  oxide  is  a  definite 
compound  always  containing  the  same  elements  in  the  same 
proportions,  because  each  particle  of  it  is  composed  of  an 
atom  of  carbon  and  an  atom  of  oxygen  chemically  united, 
the  weights  of  the  atoms  being  in  the  proportion  of  3  and  4 ; 
that  is,  having  a  constant  weight  of  12  and  16,  as  we  now 
believe.  Carbonic  acid  gas  is  also  a  definite  compound 
always  containing  the  same  elements  in  the  same  propor- 
tions, and  the  proportion  of  oxygen  is  just  double  that  in 
carbonic  oxide,  because  each  particle  of  it  is  composed  of  an 
atom  of  carbon  (weighing  12),  and  two  atoms  of  oxygen 
(each  weighing  1G). 

The  healthily  constituted  student-mind  asks,  "  Why  an 
element  should  unite  in  exactly  multiple  proportions  if  it 
forms  several  compounds?"  Because  those  compounds  are 
"made"  of  atoms  which,  being  indivisible,  must,  if  they 
unite  at  all,  unite  1  to  1,  2  to  1,  3  to  1,  and  so  on.  With 
such  an  explanation,  although  only  one  explanation,  the 
healthily  constituted  mind  gains  desired  satisfaction. 
A.C.  E 
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CAKBONIC  A-CID  GA.S. 


Again,  the  facts  that  with  12  of  carhoa  oggea  aaitj  hj 

of  32  (the  liquid  known  as  disulphide  o t  cai Don  is 

ctlUpouJof  12  of  ^X^^*^^*  ^ 
thirdly,  that  oxygen  and  su^X^^ption  that  these 
and  32,  are  at  once  «plamed  on  mbu^ 

elements  exist  in  atoms  ^fe^-^^tomB),  which 

SSvisrble  weigh tl  of  i6,  12,  and  32. 

Atomic  Weights. 

What  has  just  been  stated Respecting  ^^whet 
ments,  is  true  of.  all  the  elements^  ^  intimate 
elements  unite  with  one  anothei  m  the  pecu 
manner  termed  chemical,  do  ^oomb  n e  ^ 
hazard  proportions  of  represent, 
constant  proportion,  buob J?™P°11  h d  tomS.  Oxygen 
according  to  Dalton,  "^of  16,  therefore  16 

unites  with  other  elements  m  P^P°^10Ighlorin;  unites  with 
is  the  weight  of  the  atom  of  oxygem  ^on  ^ 
other  elements  in  f^ns^oi  $>*%Xr  reason  the 
atomic  weight  of  chlorine  And  ioi  a  ur 
atomic  weight  of  M^ogen  will  be  1  c  mid(?r. 
52,  nitrogen  14,  and  lodin ^  of  atoms,  for  we 

stood  that  these  are  ^?wXte     All  that  is  known  is 

CS«  do  «"-COot  00,000  0,-00, 
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quantity  of  metal  which  with  35-5  of  chlorine  will  form  a 
chloride,  and  with  twice  35-5  a  second  chloride  (dichloride 
of  bichloride),  will  require  127  of  iodine  to  form  an  iodide, 
and  twice  127  of  iodine  to  form  a  second  iodide  (a  diniodide 
or  biniodide).*  In  other  words,  the  atomic  weight  of  an 
element  is  the  ratio  of  the  weight,  quantity  of  matter,  or 
mass  of  an  atom,  to  the  weight,  quantity  of  matter,  or  mass, 
of  an  atom  of  hydrogen. 

Notes  on  Notation. — A  fourth  function  of  a  symbol  is  to 
represent  atomic  weight.  Thus  the  symbols  H,  CI,  0,  etc., 
not  only  perform  the  offices  of  representing  (a)  names,  (&) 
single  volumes,  and  (c)  single  atoms,  but  (d)  definite  weights 
of  the  respective  elements.  H  =  l,  Cl  =  35-5,  0  =  16,  1  =  127, 
N=14,  K  =  39,  etc. 

Laws  of  Chemical  Combination  (by  Volume). 

In  1809  Gay-Lu"ssac  showed  it  to  be  a  fact  that  when 
gaseous  elements  unite  with  one  another  in  the  intimate 
manner  termed  chemical,  they  do  not  combine  in  the  hap- 
hazard proportions  (that  is,  proportions  by  measure  or 
volume)  of  a  mere  mixture,  but  in  constant  proportions  in 
the  case  of  any  single  definite  compound,  and  in  simple 
multiple  proportions  in  cases  where  two  elements  form  more 
than  one  definite  compound.  He  thus  proved  that  the  laws 
respecting  the  constancy  of  weight  with  which  elements 
combine  hold  good  with  reference  to  volume,  at  all  events  in 
those  cases  in  which  elements  exist  in  or  can  be  made  to 
assume  the  gaseous  condition.  A  volume  of  hydrogen  gas 
and  an  equal  one  of  chlorine  gas  give  hydrochloric  acid  gas. 
Two  volumes  of  hydrogen  and  one  of  oxygen  give  water- 
vapour  or  steam.  Such  volumes  or  simple  multiples  are 
alone  the  proportions  by  bulk  in  which  elements  combine. 
If  any  excess  of  either  gas  be  mixed  and  combination  at- 
tempted, only  the  stated  proportions  really  combine,  the 
excess  remaining  unaltered.  Further,  following  Gay-Lussac, 
on  weighing  these  similar  and  equal  volumes  of  hydrogen, 
chlorine,  and  oxygen,  we  find  that  the  chlorine  is  35-5  times 
as  heavy  as  hydrogen,  and  oxygen  16  times  as  heavy  as 
hydrogen. 

*  Only  the  atomic  weights  of  the  above  and  a  few  of  the  chief  metallio 
elements  need  be  committed  to  memory  ;  others  can  be  sought  out  as 
occasion  may  require.  A  Table  of  combining  proportions  of  elements,  or 
atomic  weights,  is  given  at  the  end  of  the  volume— in  front  of  the  Index. 
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Avogadro's  «  Z.au>."-Avogadro  in  1811,  and  Ampere  in 
1814   reasoning  on  the  fact  that  all  gases  are  similarly 
affected  by  variations  of  pressure  (Boyle,  1662,  verified  by 
Marietta)  and  temperature  (Charles),  (see  also  p .  40^ ^  con- 
cluded that  all  gases  must  be  similarly  constituted  (similarity 
in  properties  always  indicating  similarity  m  character  or 
nature  a  mode  of  reasoning,  or  deducing,  or  inferring,  that 
"  n  chilcben  soon  naturally  adopt  in  ™^ 
tW  that  anneals  to  their  senses);  m  other  words,  that  it 
tonal  loUmTof  gases  be  taken  under  like  conditions,  each 
eScontZ  tdsame  number  of  molecules,  simi  ar  m  si, 
and  equally  distant  apart.    The  deduction  * ^ 
iceiahts  of  molecules  of  gaseous  elements  {that  is  o^mu  s  oj 
atoms  and  therefore  of  atoms  themselves)  must,  differ  to  the 
S3  ZTthe  Lights  of  eaual  volumes  of  t^lemerds 
differ    Equal  volumes  of  hydrogen,  chlorine,  and  oxygen 

^^7l%tsrU3fn5that1the  weight  of  the  volume  in 
which  an  element  combines,  and  the  actual  «*,M  m  which 
Z  combines  irrespective  of  volume,  are  identical.  _  Hot 
!  !  should  find  bY  experiment  that,  as  a  simple 
inS  f   'f  let  unites  with  other  elements  in  propor- 

tiono 1 by  wlfght  while  hydrogen  combines  in  propor- 
tions ot         }     J    >  experiments  on  the  volume*  in 

tSMr^xygen  ~%^gg  a«d 
those  volumes,  and  then  having  weighe 
find  that  the  oxygen  volume  weighs ^  16  whi  e  the  ^ya  g 
wPicrhs  1    In  compounds  in  which  pi  opoitions  or  1  e 

IKVSioL  of  say  jounces  by  oxygau 

the  27  ounces  of  oxygen  to  weigh  16  ;  g  ^   clicmical  com- 
Thus  the  two  great  facts  or  laws  lespectiUe,  V"1-1",  t 
poX  which  DaHon  laid  down  by ^^ntomcd by 
digits  in  which bodies, ekaSnta  conf- 

£  onbfgtSgly  ^ed  Daiton's  theory  ot  ato-n*. 
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Recapitulation. 

What  are  atomic  weights  or  combining  weights  ?  First, 
they  are  represented  by  the  smallest  portion  (relative  to  1 
part  of  hydrogen)  in  which  an  element  migrates  from  com- 
pound to  compound.    Thus  1  part  by  weight  of  hydrogen  can 
be  eliminated  from  18  similar  parts  of  water  by  action  of 
certain  metals,  leaving  1  of  hydrogen  and  16  of  oxygen  com- 
bined with  the  metal.    From  the  latter  compound  1  more  of 
hydrogen  is  eliminated  by  a  second  experiment  with  more 
metal,  leaving  16  of  oxygen  combined  with  the  metal.  In 
these  and  other  well-known  reactions,  16  parts  of  oxygen 
take  part  in  the  various  operations;   16,  therefore,  is  the 
probable   atomic  weight   of  oxygen  ;   and  so  with  other 
elements  and  radicals.    Secondly,  the  weight  of  the  atoms, 
or  the  atomic  weights,  of  the  gaseous  elements  already 
studied,  must  differ  from  each  other  to  the  extent  that  equal 
volumes  of  those  elements  differ  in  weight.    For  equal 
volumes  contain  an  equal  number  of  molecules  equal  in  size 
(Avogadro  and  Ampere),  and  each  molecule  of  an  element  is 
composed  of  two  atoms ;  so  that  equal  volumes  of  the  gaseous 
elements  contain  an  equal  number  of  atoms.    Now,  bulk 
for  bulk,  chlorine  is  thirty-five  and  a  half  (35-5)  times  as 
heavy  as  hydrogen  ;  so  that  the  molecule  of  chlorine  must 
be  355  times  the  weight  of  the  molecule  of  hydrogen.  And 
as  the  molecules  of  chlorine  and  hydrogen  contain  two 
atoms  each,  the  atom  of  chlorine  must  be  35-5  times  as  heavy 
as  that  of  hydrogen.    The  actual  weight  of  atoms  can  never 
be  ascertained ;  but  that  is  of  little  consequence  if  we  can 
only  determine,  with  exactitude,  their  comparative  weights. 
Comparing,  then,  all  atomic  weights  (sometimes  obscurely 
termed  equivalents)  with  each  other,  and  selecting  hydrogen 
as  the  standard  of  comparison  (because  it  is  the  lightest  body 
known,  and  therefore,  probably,  will  have  the  smallest  atomic 
weight);  and  assigning  to  it  the  number  1,  we  see  that  the 
atomic  weight  of  chlorine  will  be  represented  by  the  number 
35*5.    By  parity  of  reasoning  the  atomic  weight  of  oxygen 
is  16;  for  oxygen  is  found,  by  experiment,  to  be  16  times 
as  heavy  as  hydrogen.    Similarly  the  atomic  weight  of 
nitrogen  is  found  to  be  14.    The  atomic  weight  of  carbon  is 
12, — not  because  its  vapour  has  been  proved  to  be  12  times 
as  heavy  as  hydrogen,  for  it  has  never  yet  been  converted 
into  the  gaseous  state,  but  because  no  gaseous  compound  of 


54     GENERAL  PRINCIPLES  OF  CHEMICAL  PHILOSOPHY. 

carbon  which  has  been  analysed  has  been  found  tc .contain 
in  two  volumes  (1  of  which,  if  hydrogen,  won  d  weigh  1  part) 
less  than  12  parts  of  carbon.  (For  an  explanation  of  this 
reference  to  two  volumes  see  next  page.)  oloTr,OTltQ  nr 

By  thus  weighing  equal  volumes  of  gase^..^^ 
equal  volumes  of  gaseous  compounds  of  : non-vo  ^e  elemen  s 
and  ascertaining  by  analysis  the  proportion  of  the  non-volat e 
element  whose  atomic  weight  is  being  sought  to  the  volatile 
e Sent  whose  atomic  weight  is  known,  the  atomic  weights 
o   a  form  number  of  the  elements  have  been  determined. 
Some !Tthe  dements,  however,  do  not.  form  volatile  com- 
pounds of  anv  kind;  the  stated  atomic  weights  ot  these 
eCent  ^therefore,  are  at  present  simply  the  proper  ions  by 
weS  in  which  they  combine  with  or  displace  elements 
whose  atomic  weights  have  been  determined,  the  proportions 
bein.  in  most  cases  checked  by  isomorphic  considerations 
and  the  rXtion  of  the  element  to  other  forces,  especially 
heat*    {Vide  infra.) 

Molecular  Weight  and  Molecular  Volume. 
-  The  weight  of  a  molecule  is  simply  the  sum  of  the  weights 
of  its  atoms  ;  thus— 

H2  =  2,  00  =  32,  Cl3=71,  H20  =  18,  HCl  =  36-5. 

The  foregoing  formuke  are  ^J^^otZ 
volume  formula.    It  will  be  lememow  hvdroob.loric 

rfS»r~-K  the  o—  just 

weighed  out  (in  grams  or  other  »«8M<*  0  ^exposed  In 

crystalline  form  is  so  commonly  £*'Sci  "other  in  structure  axe 
Lyatnon-cryBtalline £Ui  unites  with  anotiiei 
often  regarded  as  isomorphoua.    wnen  one  far  unccrtain 

in  more  than  one  OTJ^-JiM  some  other  compound 
the  isomorphism  of  alhc'  as  evidence  of  some  value  as  to 

of  known  constitution  ia  ^f^^y^Swmiaanda  are  so  closely 
Which  proportion  is  ^V^StM  in  a  solution  of  the 

SSS3^5S£  S  ol  etments  S  beSeated  of  subsequently. 
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to  occupy  the  same  volume.  Conversely,  if  equal  volumes  of 
gases  or  vapours  be  measured  out,  and  then  the  whole 
weighed,  the  resulting  figures  (all  referred  to  2  of  hydrogen 
as  a  starting-point  or  standard)  are  the  molecular  weights  of 
the  respective  substances.  Tor,  equal  volumes  contain  equal 
numbers  of  molecules  (Avogadro).  Why?  Because  equal 
volumes  have  equal  physical  properties  (Boyle,  Charles) ;  and 
various  things  which  have  similar  properties  are  by  that  fact 
shown  to  be  similar  things— the  mode  of  reasoning  which 
from  childhood  onward  teaches  us  that  two  separate  things 
(e.g.  two  pennies)  are  similar  things.  In  the  cases  now 
being  considered,  the  things  differ  chemically,  for  they  have 
entirely  different  chemical  properties ;  they  are  not  similar 
chemically :  the  point  is,  that  having  similar  physical  pro- 
perties, they  are  similar  physically  ;  whatever  the  number 
of  molecules  in  a  volume  of  one  of  the  gases  or  vapours,  there 
must  be  a  similar  number  in  similar  volumes  of  the  others, 
therefore  the  differences  in  the  iceights  of  tangible  volumes 
are  the  differences  in  the  weights  of  the  intangible  molecules. 
This  subject  will  again  be  referred  to  in  connection  with 
quantitative  analysis,  vide  Index  "Molecular  Weight";  at 
present  the  following  illustration  will  suffice.  A  volume 
of  hydrogen  (about  54  fluid  ounces)  which,  at  a  temperature 
of,  say  300°  F.  or  400°  F.,  and  common  atmospheric  pressure, 
would  weigh  2  grains,  would,  in  the  case  of  vapour  of  water 
(steam),  weigh  18  grains.  Hence  we  are  justified  in  con- 
sidering, indeed  compelled  to  consider,  the  molecule  of  water 
to  contain  two  atoms  of  hydrogen  ( =  2)  and  one  of  oxygen 
(  =  16),  and  its  formula  to  be  H20  (  =  18),  and  not  H402,  in 
which  case  its  vapour  would  be  twice  as  heavy  as  it  really  is 
found  to  be. 

Construction  of  Formula.— The  composition  of  hydro- 
chloric acid(HCl),  water  (H,0),  ammonia  gas  (NH3),  carbonic 
acid  gas  (C02),  or  any  other  compound,  as  well  as  the  weight 
of  an  element  that  may  be  concerned  in  its  formation,  cannot 
be  ascertained  by  actual  experiment  until  the  student  is  far 
advanced  in  practical  chemistry — until  he  is  able  to  analyse 
not  only  qualitatively,  but,  by  help  of  a  balance,  quantita- 
tively. The  percentage  composition  of  a  chemical  substance 
having  been  determined  by  quantitative  analysis,  its  formula 
is  constructed  by  the  aid  of  the  foregoing  and  other  theo- 
retical considerations.  The  correctness  of  such  formulae  can 
lie  verified  by  expert  analysts,  but  must  be  taken  for  granted 
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by  learners.    This  subject  will  again  be  referred  to  in  the 
latter  part  of  this  Manual. 

QUANTIVALENCE  OF  ATOMS,  OR  VALENCY. 

Turning  from  the  weights  of  atoms,  their  chemicaWtte 
may  now  be  consideredf  or  their  quantivalence.  The >  ex- 
changeable chemical  value  of  atoms  in  relation  to  each  other 
may  le  compared  to  the  exchangeable  ^^^d°f. 
coins.  As  compared  with  a  penny,  a  groat  is  four-valued 
as  compared  with  hydrogen,  carbon  « 

a^ain  hvdrogen  is  conventionally  adopted  as  the  standaia  01 

cfmnarfson     An  oxygen  atom  in  its  relations  to  an  atom  of 

hyTgenis  bivalenf (biv'-a-lent ;  of  do 

twice,&and  valens,  being  worth) ;  an  atom  of  1 ^ ^laoe 

two  atoms  of  hydrogen,  or  combine  with  ^ 

nitrogen  is  usually  trivalent  (W-a-lent ,  ™™  »**>  1^ 

nr.fl  valens)  ■  while  the  carbon  is  quadrivalent  (quad-nv  a 

£?t :  tZguatuor,  four,  and  valens).    Chlorine,  iodine  and 

Sine,  as'well  as'potassium,  sodium,  and  ^  ^  ^ 

mAtnk   are   like  hydrogen,  univalent  (u-niv  -a-lent ,  irom 

nesiuni  zinc,  cadmium,  mercury,  and  coppei,  line 
?™  Mvalent  Phosphorus,  arsenium,  antimony,  and  bis- 
Sth™niJgen  "usually  exhibit  tab. eat  propertms 
w  the  comnosition  of  certain  compounds  of  these  mo 
I  IS  that  the  several  atoms  are  somataea  qum^ 
bivalent  (quin-quiv'-a-lent ;  ?.«5«cS  five  J ™  =■  ^ 
.Una).    Gold  and  boron  ^  tavatont.  The  « 

titas,  quantity,  and  miens),  also  w™»       ,   .     ,  «jfency, 
q„antivatonce),dJ/nam.c. tj,, «tw«fe" f£ ^Bg  to  the 
of  atoms,  may  be  ascertained  at  any  toe  cm  •«<>  - 
Table  of  the  E emeu  to  a   the  end  o   ^jo^,  to 

^=s  of Seie^  to  indicole 
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words  are  often  used  instead  of  figures  in  expressing  quanti- 
valence.  The  quantivalence  of  elements,  as  they  one  after 
another  come  under  notice,  should  be  carefully  committed  to 
memory  ;  for  the  composition  of  compounds  can  often  be 
thereby  predicated  with  accuracy,  and  remembered  with 
ease.  For  instance,  the  hydrogen  compounds  of  chlorine, 
CI',  oxygen,  0",  nitrogen,  N'",  and  carbon,  C"",  will  be  re- 
spectively H'Cl',  H'20",  H'3N'",  and  H'4C"",— one  univalent 
atom,  H,  balancing  or  saturating  one  univalent  atom,  CI' ; 
two  univalent  atoms,  H'2,  and  one  bivalent  atom,  0",  satura- 
ting each  other ;  three  univalent  atoms,  H'3,  and  one  atom 
having  trivalent  activity,  N'",  saturating  each  other ;  and 
four  univalent  atoms,  H'4,  and  one  quadrivalent  atom,  C"", 
saturating  each  other.  Carbonic  acid  gas,  CIT0"2,  again,  is  a 
saturated  molecule  containing,  in  one  molecule,  one  quadri- 
valent and  two  bivalent  atoms. 

The  subject  of  quantivalence  will  be  further  explained 
after  the  first  six  metals  have  been  studied,  when  abundant 
illustrations  of  quantivalence  will  have  occurred. 

DEFINITIONS. 

Chemistry  is  the  study  of  the  force  by  which  matter  be- 
comes permanently  altered  in  properties. 

The  Chemical  Force,  like  other  forces,  cannot  itself  be  de- 
scribed, for,  like  them,  it  is  only  known  by  its  effects. _  It  is 
distinguished  from  other  forces  by  the  facts  that  (a)  it  pro- 
duces an  entire  change  of  properties  in  the  bodies  on  which 
it  is  exerted,  and  that  (&)  it  is  exerted  only  between  definite 
weights  and  volumes  of  matter.  Like  the  force  of  cohesion, 
which  is  the  name  given  to  the  attraction  which  molecules 
have  for  each  other,  and  which  is  great  in  solids,  small  in 
liquids,  and  apparently  absent  in  gases;  and  like  the  force  of 
adhesion,  which  is  the  name  given  to  the  attraction  which  a 
mass  of  molecules  has  for  another  mass,  the  chemical  force 
acts  only  within  immeasurable  distances  ;  indeed,  inasinuch 
as  the  chemical  force  appears  to  reside  in  atoms,  that  is  to 
say,  is  exerted  inside  a  molecule,  while  all  other  forces  affect 
entire  molecules,  the  chemical  force  may  be  said  to  be  dis- 
tinguished (c)  by  being  exerted  within  a  smaller  distance 
than  that  at  which  any  other  force  is  exerted. 


58     GENEBAL  PBINCIPLES  OF  CHEMICAL  PHILOSOPHY. 

An  Element  is  a  substance  which  cannot  by  any  known 
means  be  resolved  into  any  simpler  form  of  matter. 

An  Atom  of  any  element  is  a  particle  so  small  that  it  under 
gofs ^  no  further  subdivision  in  chemica  ^^ZtZ'e^st 
g  A  Molecule  is  the  smallest  particle  of  mattei  that  can  exist 

'ml  mele  mature  of  substances  is  one  in  which  each  ingre- 
^^SSaaS^iB  one  in  which  definite  weights  of 
JltZtTlL  undergone  n^^^&gffiSt 
A  "compound "^^^^^^^^  C°m" 

1-™^ into  chemical  union 

J£*Ji  a/a  £wS  is  ^ 
XSd  eC^n%W;^compa8rati;e  lightness  or  heavi- 

™ A  Chemical  Symbol  is  a  capital  letter  or  a  capital  and  one 
small  letter.    It  has  four  functions,  namely- 

1  It  is  shorthand  for  the  name  of  the  element. 

i  It  represents  one  atom  of  the  element  he 

3  It  stands  for  a  constant  weight  of  the  element 

atomic  weight  or  combining  weight. 
4.  Symbols  represent  equal   and  single  volumes 
gaseous  elements. 

plpment  or  of  a  compound.    It  nas  ioui 

T  It  Miches  at  a  glaaee  tie  name,  of  the  elements  B 
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number  of  volumes  of  gaseous  elements  from  which 
two  volumes  of  any  gaseous  compound  were  ob- 
tained. 

A  Chemical  Equation  or  a  Chemical  Diagram  is  a  collec- 
tion of  formulae  and  symbols  so  placed  on  paper  as  to  form 
a  picture  or  illustration  of  the  state  of  things  before  and 
after  that  metathesis  (interchange)  of  atoms  of  molecules 
which  results  in  the  formation  of  molecules  of  new  sub- 
stances. 

A  Solid  is  a  substance  the  molecules  of  which  are  more  or 
less  immobile,  though  probably  not  in  absolute  contact. 

A  Liquid  is  a  substance  the  molecules  of  which  so  freely 
move  about  each  other  that  it  readily  assumes  and  retains 
the  form  of  any  vessel  in  which  it  is  placed. 

A  Gas  is  a  substance  the  molecules  of  which  are  so  far 
apart  that  they  seem  to  have  lost  all  attraction  for  each 
other,  and,  indeed,  to  have  acquired  the  property  of  repul- 
sion to  such  an  extent  that  they  are  only  prevented  from 
receding  to  a  still  greater  extent  by  the  pressure  of  sur- 
rounding matter.  Motion  is  especially  characteristic  of  the 
molecules  of  gaseous  fluids. 

The  Two  Laws  regulating  Chemical  Combination 
{either  by  weight  or  volume). 

First.  The  Law  of  Definite  Proportions.  A  definite 
compound  always  contains  the  same  elements  and  the  same 
proportions  of  those  elements — by  weight  or  by  volume. 

Second.  The  Law  of  Multiple  Proportions.  When  two 
elements  unite  in  more  than  one  proportion,  by  weight  or 
by  volume,  they  do  so  in  simple  multiples  of  that  propor- 
tion forming  different  compounds,  each  of  which,  as  regards 
definiteness  of  composition,  of  course  obeys  the  first  law. 

Reciprocal  Proportions.  The  proportions  in  which  two 
elements  unite  with  a  third,  are  the  proportions  in  which 
they  unite  with  each  other. 

Atomic  Weights  are,  first,  the  proportions  in  which  elemonts 
are  found  to  combino  with  each  other  by  weight.  (The 
figures  showing  these  proportions  are  purely  relative;  but  all 
chemists  agree  to  make  this  relation  fixed  by  giving  the 
number  I  to  hydrogen.)    Secondly,  they  are  the  weights  of 
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equal  volumes  of  gaseous  elements  (relative  to  one  of  hydro- 
gen). . 

Molecular  Weights.— These  are  the  weights  of  equal 
volumes  of  gases  or  vapours,  under  equal  circumstances  of 
temperature  and  pressure,  and  relative  not  to  1  but  to  2  of 
hydrogen.  In  the  case  of  non-volatile  bodies  molecular 
weight  is  deduced  from  the  observed  analogies  of  the  bodies 
with  those  whose  molecular  weight  admits  of  proof. 

Quantivalence  of  Atoms.— The  chemical  value  tor  work 
of  an  atom— relative  to  one  of  hydrogen.  (Caution  Quanti- 
valence gives  no  clue  to  that  varying  intensity  of  union  of 
atoms  which  results  in  varying  stability  of  compounds.) 

The  Learner  is  recommended  to  read  the  foregoing 

PARAGRAPHS  ON   THE   GENERAL   PRINCIPLES   OF  CHEMICAL 

Philosophy  carefully  once  or  twice,  then  to  study 

(EXPERIMENTALLY,  IF  POSSIBLE)  THE  FOLLOWING  PAGES,  RE- 
TCJRNING  TO  AND  READING  OVER  THE  GENERAL  PRINCIPLES 
FROM  TIME  TO  TIME,  UNTIL  THEY  ARE  THOROUGHLY  COM- 
PREHENDED. 

Minor  principles  of  Chemical  Philosophy  will  be  found 
scattered  throughout  the  following  pages.  (Msovide  Index, 
under  the  word  "  Principles.") 

Students  of  pure  Chemistry,  especially  when  fairly  well 
acquainted  with  chemical  facts,  will  also  find  the  princip  es 
of  Chemistry,  including  the  probable  constitution  as  distin- 
guished from  the  mere  composition  of  chemical  substances, 
'    fully  set  forth  in  the  larger  text-books. 

QUESTIONS  AND  EXEBCISES. 

WW  do  vou  understand  by  chemical  action  ?    Give  examples.-How 
isS  chinfcd  tonS  distinguished  from  other ■  force- ^-Adduce  evidence 
nat  elements  exist  in  compounds  ;  that  sulphide  of   ion  fo 
still  contains  particles  of  sulphur  and  iron,  though  t  possesses] i j  u 

into  chemical  combination  ?- iis  ^^Snuttwrate  the  functions 
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ing  the  formation  of  P305,  S02,  and  Fel2,  respectively.— Enumerate  the 
differences  in  the  physical  conditions  of  the  molecules  in  a  solid,  a  liquid, 
and  a  gas. — State  the  law  of  constant  proportions. — State  the  law  of 
multiple  proportions. — State  the  principle  of  reciprocal  proportions. — Give 
illustrations  of  the  above  laws. — Describe  the  origin  and  use  of  the 
atomic  theory. — What  do  you  understand  by  the  atomic  weight  and  the 
molecular  weight  of  an  element  ? — Representing  the  weight  of  an  atom  of 
hydrogen  as  1,  what  will  be  the  atomic  weights  of  carbon,  sulphur,  nitro- 
gen, and  iodine  ?  Give  reasons  for  considering  the  stated  weights  to  be 
correct. — In  what  proportion,  by  volume,  do  elements  in  the  gaseous 
state  chemically  combine  ? — What  relation  exists  between  the  combining 
volumes  of  elements  in  the  gaseous  state  and  their  atomic  weights? 
Give  the  explanation  for  this.  Is  there  any  difference  between  the 
molecular  volumes  of  simple  and  of  compound  gases  ? — Define  isomor- 
phism.— Explain  the  value  of  isomorphism  as  evidence  of  atomic  weight. 
What  is  to  be  understood  by  the  quantivalence  of  atoms  ?  Give  examples 
of  univalent,  bivalent,  trivalent,  and  quadrivalent  atoms. — How  may  the 
quantivalence  of  an  element  be  expressed  in  its  atomic  symbol. — Give 
formulae  in  which  the  quantivalence  of  one  atom  is  saturated  by  the 
combined  quantivalence  of  others. 


The  reader  is  also  recommended  to  question  himself,  or  be  questioned, 
on  the  "  definitions  "  given  on  pages  57  to  GO. 


.THE  ELEMENTS  AND  THEIR  COMPOUNDS. 

Having  thus  obtained  a  general  idea  of  the  nature  of  such 
elements  as  have  special  interest  for  the  medical  and  phar- 
maceutical student,  and  which  indeed  are  all  with  which 
any  student  of  chemistry  should  at  present  occupy  his  atten- 
tion, we  may  pass  on  to  consider  in  detail  the  relations  of 
the  elements  to  each  other.  The  elements  themselves,  in 
the  free  condition,  are  seldom  used  in  medicine,  being  nearly 
always  associated — bound  together  by  the  chemical  force ; 
in  this  combined  condition,  therefore,  they  must  be  studied, 
inorganic  combinations  first,  organic  afterwards.  Most  com- 
pounds met  with  in  the  mineral  kingdom  may  be  regarded 
as  containing  two  parts  or  roots,  two  radicals  :-^the  one 
usually  metallic,  or,  to  speak  more  generally,  basylous ;  the 
other  commonly  a  non-metallic,  simple  or  complex,  acidulous 
radical.  In  the  following  pages  the  basylous  radicals,  or 
metals,  will  be  considered  first,  the  acidulous  radicals  after- 
wards. (Then  will  follow  the  chemistry  of  compounds,  many 
of  which  have  not  so  simple  a  constitution  as  that  just 
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indicated.)    Each  radical  will  be  ^ died  from  tw0  points 
of  view,  the  synthetical  and  the  analytical ;  that  is  to  say 
properties  of  an  element  on  which  the  preparation  of, 
cSunds  depends  will  be  illustrated  ^  descriptions  of 
actual  experiments,  and  thus  the  principles  o [<**^££. 
their  applications  to  medicine  and  pharmacy  be 
ouslv  learnt ;  then  the  reactions  by  which  the  element  is 
detected  though  combined  with  other  substances,  will  be 
.  J:  f  med  anofso  the  student  he  instructed  -  qualitative 
■  analysis     Synthetical  and  analytical  reactions  are,  m  tiutfa, 
frequen  ly  identical,  the  object  with  which  they  are  per- 
formed giving  them  synthetical  interest  on  the  one  hand,  or 
analytical  interest  on  the  other.  nPmiired  svn- 

A  o-ood  knowledge  of  chemistry  may  be  acquired  syn 
theticallv  by  preparing  considerable  quantities  of  the  salts 
"fffeLPt  metals^  or  analytically  by 
course  of  pure  ^^^^^^J^S^ 

small  specimens  of  compounds. 

Stm^itiycr/the  principle*  of  ohe^try  »* 
the  mind,  and  fix  them  there  indelibly. 

m^ka  a  general  rule,  ^^"aT dE 
graphs  describing  experiments  to  be  ] bc  road 

Index  at  the  end  of  this  volume. 
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POTASSIUM. 

Symbol,  K.    Atomic  weight,  39. 

Formula,  K3.    Probable  molecular  weight,  78. 

Memoranda. — The  chief  sources  of  the  potassium  salts  * 
are  the  chloride  found  at  Stassfurt,  in  Prussia,  as  the  mineral 
Carnallite  (KC1,  MgCla,  6H20) ;  Kainite,  a  double  sulphate 
of  potassium  and  magnesium  with  magnesium  chloride,  also 
occurring  among  the  Stassfurt  minerals ;  the  nitrate  found  in 
soils,  especially  in  warm  countries  ;  and  the  compounds  of 
potassium  existing  in  plants.  The  vegetable  salts  of  potas- 
sium are  converted  into  carbonate  (other  salts  are  present) 
when  the  wood  or  other  parts  are  burned  to  ashes.  If  the 
fishes  be  lixiviated  with  water,  and  the  solution  evaporated  to 
dryness,  the  residue  when  fused  constitutes  crude  potashes. 
The  residue  calcined  on  the  hearth  of  a  reverberatory  fur- 
nace till  white,  gives  the  product  termed  pearlash,  or  impure 
carbonate  of  potassium.  Large  quantities  of  carbonate  are 
thus  produced  in  North  America  and  Russia,  and,  latterly, 
from  the  sugar  beetroot  marc  in  Prance.  From  the  native 
chloride,  and  from  the  carbonate  purified  "  by  treating  the 
pearlash  with  its  own  weight  of  distilled  water,  filtering, 
and  evaporating  the  solution  so  formed  just  to  dryness, 
while  it  is  kept  briskly  agitated"  (Potassii  Carbonas,  B.P., 
"K2C03,  with  about  16  per  cent,  of  water  of  crystalliza- 
tion "),  nearly  all  other  compounds  of  potassium  are  made. 
Exceptions  occur  in  cream  of  tartar  (Potassii  Tartras  Acida, 
B.P.),  which  is  the  more  or  less  purified  natural  potassium 
salt  of  the  grape  vine,  and  in  nitrate  of  potassium.  Potas- 
sium is  a  constituent  of  between  forty  and  fifty  chemical  or 
galenical  preparations  of  the  British  Pharmacopoeia. 

Carbonate  of  potassium  (Potassii  Carbonas,  B.P.),  the  old 
carbonate  of  potash,  is  a  white  crystalline  or  granular 
powder,  insoluble  in  alcohol,  very  soluble  in  water,  rapidly 
liquefying  in  the  air  through  absorption  of  moisture,  alka- 

•  The  ill-defined  term  mlt  includes  most  solid  definite  chemical  sub- 
stances, but  more  especially  those  which  assume  a  crystalline  form. 
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line  and  caustic  to  the  taste.    It  loses  all  water  at  a  red 

neat.  .  ' 

Preparation—  Potassium  itself  is  isolated  with  some  diffi- 
culty by  distilling  a  mixture  of  its  carbonate  and  charcoal, 
or  by  Oastner's  method  (see  Sodium).  It  rapidly  oxidises  m 
the  air,  hence  is  always  kept  below  the  surface  of  mineral 
naphtha,  a  liquid  containing  no  oxygen.     It  crystallizes  m 

octahedra.  ,       .  , 

Quantivalence.— The  atom  of  potassium  is  univalent,  & . 


Reactions  having  (a)  Synthetical  and  (6)  Analytical 

Interest. 

(a)  Synthetical  Reactions. 

These  are  utilized  in  making  preparations  of  potassium. 
The  word  synthesis  is  from  crw0e<ris  {sunthesis),  a  putting 
together  ;  analysis  from  SvaKva  (analud),  to  resolve. 

Hydrate  of  Potassium.    Caustic  Potash. 

First  Synthetical  Reaction.— Boil  together,  for  a  few 
minutes,  in  a  basin,  five  or  six  grains  of  carbonate  of  potas- 
sium (K3C03)  and  a  like  quantity  of  slaked  lime  (Ca2HO) 
with  a  small  quantity  of  water.  Set  the  mixture  aside  till 
all  solid  matter  has  subsided. 

This  liquid  is  a  solution  of  caustic  potash,  or  hydrate  of 
potassium  (KHO).  Made  of  a  prescribed  strength,  nearly 
6  per  cent.,  it  forms  the  Liquor  Potassai,  B.P. 

The  mixture  is  known  to  be  boiled  long  enough  when  a 
little  of  the  clear  liquid,  poured  into  a  test-tube  and  wanned, 
eives  no  effervescence  on  the  addition  of  an  acid  (sulphuric, 
hydrochloric,  or  acetic)-a  test  whose  mode  of  action  will  be 
explained  hereafter. 

Host  method  of  expressing  decompositions.— This  will  be  easy  of  com- 
prchen  on  if  what  has  already  been  stated  °°™T^/C™EU5v 
BS  pp.  35  to  37  and  42  and  43  has  been  carefully  and  t  bo g ht  U 
considered.  The  best  means  of  showing  on  paper  the  aotion  wtooH 
SSJSn  chemical  substances  attack  each  other  ,s  by  the  emploj- 
men  e  ther  of  equations  or  diagrams,  setting  forth  the  fo  a  o  the 
molecuVes  concerned  in  the  reaction  In  an  «g0? '(Stato^Sl 
salts  used  are  written  on  one  line,  the  sign  of  addition  (  +  )  mien  en  B  . 
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the  sign  of  equality  (  =  )  follows,  and  then  the  formulae  of  the  salts 
produced,  also  separated  by  a  plus  sign  (  +  ).    Thus  : — 

KjCOs  +  Ca2HO  =  2KHO  +  CaCOs. 

In  this  reaction  (the  operation  just  performed)  the  metals  of  (the  mole- 
cules of)  the  two  salts  change  places  :  from  K2C03  and  Ca2HO  there  are 
produced  CaC03  and  KHO  (two  molecules,  2KHO) ;  from  carbonate  of 
potassium  and  hydrate  of  calcium  there  result  carbonate  of  calcium  (the 
insoluble  portion)  and  hydrate  of  potassium  (in  solution).* 

In  constructing  a  diagram  or  pictorial  illustration  of  a  chemical  re- 
action (the  reaction,  for  instance,  just  described),  first  the  formulae  of  the 
salts  used  are  written  under  each  other  on  the  left  side  of  the  leaf  of  a 
note-book,  thus : — 

K3C03 


Ca2HO 

Such  formulae  are,  in  this  Manual,  always  given  with  the  description  of 
the  reaction.  Secondly,  on  the  right  is  then  written  the  formula  of  the 
chief  substance  produced,  thus  : — 

K2C03  KHO 


Ca2HO 

Thirdly,  the  formation  of  this  chief  body  under  consideration — that  is  to 
say,  both  the  origin  of  its  elements  and  their  destination — is  traced  out 
by  the  help  of  brackets  and  letters  (which  show  the  source  of  the  elements) 
and  converging  lines  (which  suggest  the  approach  and  final  union  of  those 
elements)  thus : — 

K,CO,  fK  I^—KHO 


Ca2HO  £H0 

For  the  next  stage  (at  other  stages,  perhaps,  in  other  reactions)  the 

*  If  the  student  is  already  accustomed  to  the  use  of  ordinary  equa- 
tions, he  may  pass  on  to  Note  1,  on  p.  67  ;  if  not,  the  author  would 
strongly  recommend  the  temporary  employment  of  diagrams  for  ex- 
pressing chemical  changes.  Indeed,  the  occasional  use  of  graphic  equa- 
tions or  diagrams  is  of  advantage  to  all  students.  For  while  an  equation 
or  a  diagram  equally  well  records  the  formulae  of  the  salts  concerned 
in  the  whole  reaction,  the  diagram  alone  suggests  the  mode  in  which 
its  writer  believes  the  respective  atoms  to  change  their  positions. — In 
the  paragraphs  succeeding  the  above,  detailed  explanations  are  given 
respecting  the  use  and  construction  of  diagrams. 

A.C.  F 
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reader's  own  intelligent  power  of  ^*^?*!f£  conveXg,  Tod 
exercise.  He  must  reason  somewhat  as  ff]°Js-,/ssf^Ci°  to  hydrate  of 
entirely  converting,  a  quantity  of  carbonate  ^  P^^^^e  on  paper, 
potassfum.  A  molecule,  the  smalles ^ quan rty  I  ™  of 
of  the  carbonate  of  potassium  (K2C03)  contains  1  am  , 
potassium  (K2),  and  a  molecule  of  the  hyd ™teJJUi< »LCQ)  U- 
kerefore-t^rc/ore-each  molecule  of  the  caibonate  ^  9)  ^ 
nish  two  molecules  of  the  hydrate  (2KHO).    Mouwver  ^  Ume)  1  em. 


KXO, 


2KH0 


Ca2H0  {2H° 

Fott«,  the  question ^oj— £  ffi^Sy^S 

he  is  desirous  of  manufacturing  caustic  Potas^  ^  ™  Xo  com. 
latter  part  of  the  reaction  »  , quite  as  impoitent  ^taga^ 

plete  the  diagram  then,  %*™*J™t™? ^  Manual  wiU  afford  this 
produced,  anditsfomiula    ^e^tert  of  his^  ^  ^  (Q 

information.  In  tins  case  caiuuuauc  tn„ptVier  with  any  excess  of 
(This  product  is,  in  fact,  precipitated  cb .a^gethei  w  m     y  (< 

of  the  diagram,  thus  : — 


K„CO£ 


|K2 


Ca2H0| 


2HO 


2KHO 


CaCOa 


Symbols  of  the  elemen^ftusj-  ^  2KH0 

KsCOs  {o68 


CaCO; 
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Radicals. — The  above  elements  and  compounds  are  termed 
radicals,  each  being  the  common  root  (radix)  in  a  series  of 
salts.  Why  compound  radicals  (as  N03,  S04,  P04,  etc.) 
differ  in  quantivalence  need  not  be  fully  explained  at  present. 
Their  constituent  atoms  doubtless  always  exert  the  same 
amount  of  attractive  force,  nearly  but  not  quite  all  this  force 
being  exerted  in  retaining  the  atoms  in  one  group,  and  the 
remainder  probably  determining  the  quantivalence.  Com- 
pound radicals  are  more  or  less  stable  groups  of  atoms, 
capable  of  migration  without  change,  but  not  necessarily 
capable  of  existing  in  the  free  state.* 

Liquor  Potassm  is  officially  directed  to  be  made  as 
follows  f  '• — 

Dissolve  1  pound  of  carbonate  of  potassium  in  1  gallon  of 
water ;  heat  the  solution  to  the  boiling  point  in  a  clean  iron 
vessel,  gradually  mix  with  it  12  ounces  of  washed  slaked 
lime  (obtained  from  about  13  ounces  of  slaked  lime  washed 
with  distilled  water  until  a  little  of  the  washings,  acidified 
with  nitric  acid,  gives  no  cloudiness  with  nitrate  of  silver), 
and  continue  the  ebullition  for  ten  minutes  with  constant 
stirring.  Then  remove  the  vessel  from  the  fire ;  and  when, 
by  the  subsidence  of  the  insoluble  matter,  the  supernatant 
liquor  has  become  perfectly  clear,  transfer  it  by  means  of  a 
siphon  or  by  decantation  to  a  green-glass  bottle  furnished 
with  an  air-tight  stopper,  and  add  distilled  water,  if  neces- 
sary, to  make  it  correspond  with  the  tests  of  specific  gravity 
and  neutralizing  power.  (These  tests  and  the  modes  of 
applying  them  will  be  explained  in  subsequent  sections.) 

*  Some  modern  chemical  authors  term  these  roots  radicles,  a  word 
more  usefully  expressive  of  little  roots  or  rootlets.  The  word  radicle  is 
indeed  thus  used  as  a  diminutive  in  botany. 

+  The  official  processes  will  not  usually  be  reprinted  in  this  Manual, 
belonging,  as  they  do,  more  to  the  manufacturing  than  to  the  educational 
side  of  practical  chemistry.  But  pupils  should  take  care  that  they 
understand  every  word  of  the  processes,  whether  as  regards  chemical  or 
mechanical  details ;  the  medical  student  in  order  that  he  may  learn 
chemical  principles — the  principles  on  which  the  successful  practice  of 
modern  medicine  depends— the  pharmaceutical  student  in  order  that  he 
too  may  know  the  principles  on  which  his  avocation  largely  depends,  and 
in  order  that  he  may  apply  those  principles  in  his  pursuit  of  that  avoca- 
tion. With  such  views  before  him,  each  student  should  carefully  read 
through  the  above  process ;  and,  in  future,  after  making  an  officially 
interesting  synthetical  experiment,  should  turn  to  the  corresponding 
monograph  in  his  Pharmacopoeia  and  assure  himself  that  he  understands 
all  that  is  there  stated. 


70  THE  METALLIC  BABTCALS. 

Solid  Potasfc.-Solution  of  potash  evaporated  to< dryness 
in  a  silver  or  clean  iron  vessel,  and  the  residue  fused  and 

acids. 

Sulphurated  Potash. 

Second  Synthetical  Reaction. -Into  a  test-tube  put  a  few 
JZoi.l^oi  previously  dried  carbonate  of  potass.uxn 
with  half  its  weight  of  sulphur.  Heat  the  nature ^g ad ua ly 
until  it  ceases  to  effervesce.  The  resulting  fused  mass 
"ured  on  a  slab  and  quickly  bottled  is  ttePotassa  Sulphu- 
Sulphurated  Potash,  of  the  British  Pharmacopeia. 
3K2C03     +     4S3    =    K2SO     +    2KS     +  300^ 

Carbonated  Sulphur.  acid  gas. 

potaSBium.  . 

As  met  with  in  pharmacy,  this  salt  is  not  a ^  d^ 
chemical  compound,  but  a  ;^^^^ 
chemical  character  «  ^  "^K^ed  by ^ts  v  g 
When  fresh,  and  if  carefully ^F^^ed  J^,  of  iiver  (whence 

portions  of  ^^^X"  *s  siown  * 

the  old  name  "  liver  of  sulphur  a  >>  ,™f  Jino.  equation, 
J.  Watts,  of  the  sa  ts  mentioned  in  ^^^f  potassium 
tno-ether  with  a  little  undecomposed  cai Donate  01  p  , 
wfth  perhaps  higher  sulphides  of  ^^^^SSi 
but,  Rapidly  aJ^^.OT^S^te5^«n 
green  and  yellow,  sulphite  W^^^jy  a  useless  mass 

of  a  dirty  white  colour  ™B^»^J^  of  potassium  and 
hyposulphite,  with  generally  ^^Hn  manufacture,  the 
f£  sulphur.    Moreover  li  £  9Ulphate  3(K2S04) 

Potassce  Sulphurata,  B.l .) 


POTASSIUM. 


71 


draw  out  an  equation  or  a  diagram  of  the  reaction  without  the  aid  of  the 
printed  equation  given  above.  He  may  therefore  content  himself,  in 
this  case,  by  introducing  into  his  note-book  a  diagram  founded  directly 
on  the  equation,  and  on  the  numbers  of  molecules  there  stated.  With 
this  printed  equation,  and  the  details  of  construction  of  diagrams  given 
in  connection  with  the  first  synthetical  reaction,  he  will  be  able  to  give  a 
diagram  of  this  second  synthetical  reaction  without  unduly  troubling  his 
reasoning  powers,  while  at  the  same  time  he  will  be  familiarizing  himself 
with  the  more  mechanical  portions  of  the  diagram. 

In  preparing  large  quantities  of  sulphurated  potash,  the 
test-tube  is  replaced  by  an  earthenware  vessel  termed  a 
crucible  (possibly  from  crux,  a  cross,  for  originally  a  cross 
was  impressed  upon  the  melting-pot  as  used  by  alchemists 
and  goldsmiths :  others  derive  the  word  from  crux,  an  in- 
strument of  torture,  the  sense  here  being  symbolical). 


Heating  crucibles. — Crucibles  of  a  few  ounces'  capacity 
may  be  heated  in  an  ordinary  grate-fire.  Larger  ones  re- 
quire a  stove  with  a  good  draught — that  is,  a  furnace.  Even 
the  smaller  ones  are  more  conveniently  and  quickly  heated 
in  a  furnace.  Half-ounce  or  one-ounce  experimental  porce- 
lain crucibles  may  be  heated  in  a  spirit-  or  gas-flame ;  the 
air-gas  flame  already  described  being  generally  the  most 
suitable. 


Third  Synthetical  Reaction. — Place  ten,  twenty,  or  more 
grains  of  carbonate  of  potassium  in  a  small  dish,  and  saturate 
(satur,  full)  with  acetic  acid ;  that  is,  add  acetic  acid  so  long 
as  effervescence  is  thereby  produced  ;  the  resulting  liquid  is 


Fig.  12. 


Fig.  13. 


Fig.  14. 


CRUCIBLES  OF  VARIOUS  FORMS. 


Acetate  of  Potassium. 
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a  strong,  slightly  acid  solution  of  acetate  of  potassium;  Eva- 
porate most  of  the  water  in  an  open  dish  {see  figs  15  &  lb 
p.  73),  stirring  with  a  glass  rod*  to  promote  evolution  of 
vapour ;  a  white  salt  remains,  which  fuses  on  the  further 
careful  application  of  heat :  this  is  the  official  Acetate  of 
Potassium  {Potassii  Acetas,  BP.),  formerly  termed  Acetate 
of  Potash.  If  fused  iu  the  open  vessel,  the  acetate  is  liable 
to  become  slightly  charred  aud  discoloured  ;  this  is  prevented 
by  transferring  the  solid  residue  to  a  test-tube  or  Florence 
flask  before  finally  fusing.  It  forms  a  white  deliquescent 
foliaceous  satiny  mass,  neutral  to  test-paper,  and  wholly 
soluble  in  spirit.  A  ten  per  cent,  solution  m  water  forms 
the  "  Solution  of  Acetate  of  Potassium,"  B.P. 

KCO     +    2HC0HsO.,  -  2KC2H302    +   H2°   +  COi? 

lVo^Ug     +     -^2    3    J  AcetLof  Water.  Carbonic 

Explanation  of formula.-The  formula  for  one  molecule  of 
acetic  acid  (the  acetate  of  hydrogen)  is  HC2H302,  and  one  ot 
acetate  of  potassium  KC2H302.  _  The  grouping,  C2Hs02,  as 
characteristic  of  all  acetates  ;  it  is  univalent. 

Explanation  of  process.-When  two  molecules  of  acetic  acid 
(2HC;H302)  and  one  of  carbonate  of  potassium  (^»)  « 
^  t  molecules  of  acetate  of  potassium  (2KC2J±3<J2)  ana 
act,  two  ^olePule^  °Jwap0  x  Produced,  the  latter  at  once 
one  of  carbonic  acid  (H2bUa)  are  procmoeu,  i 
splitting  up  into  water  (H20)  aud  carbonic  acid  gas  (CU2),  as 
already  shown  in  the  equation. 

Diagram  of  the  reaction.-  The  nature  of  the  above 

as  a  diagram,  and,  if  possible,  without  tne  aia 

-The  foregoing  reaction  has  a  general  as  well  as  a 

•  Glass  ro.l  is  .su.ll,  purchased  to  tt, .to  °"  g^tSS.  j*E 
for  a  few  minutes. 
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acetic  acid  yield  acetates,  to  nitric  acid  nitrates,  to  sulphuric 
acid  sulphates.  Many  illustrations  of  this  general  process 
occur  in  pharmacy. 

Evaporation  of  water  from  a  liquid  is  best  conducted  in 
wide  shallow  vessels  rather  than  in  narrow  deep  ones,  as  the 
steam  can  thus  quickly  diffuse  into  the  air  and  be  conveyed 
rapidly  away ;  hence  a  small  round-bottomed  basin,  heated 
as  shown  in  fig.  15,  is  far  more  suitable  than  a  test-tube  for 
such  operations.  On  the  manufacturing  scale,  iron,  or  iron 
lined  with  enamel,  or  semiporcelain,  copper,  tinned  copper, 
or  solid  tin  pans  are  used.  Up  to  12  or  18  inches  diameter, 
pans,  basins,  or  dishes  made  of  Wedgwood  ware  or  porcelain 
composition  (fig.  16),  may  be  employed.  Small  dishes  may 
be  supported  by  retort  stands  (fig.  15),  larger  by  cylinders 
(fig.  16)  to  which  the  dish  is,  if  less  in  diameter  than  the 
cylinder,  adapted  by  such  flat  rings  or  diaphragms  as  are 
shown  in  the  figure. 

Fig.  15.  Fig.  16. 


Fourth  Synthetical  Reaction. — Make  a  strong  solution  of 
carbonate  of  potassium  by  heating  in  a  test-tube  a  mixture 
of  several  grains  of  the  salt  with  rather  less  than  an  equal 
weight  of  water.  Through  the  cool  solution  pass  carbonic 
acid  gas,  slowly  but  continuously  ;  after  a  time  a  white 
crystalline  precipitate  of  Acid  Carbonate  or  Bicarbonate  of 


EVAPOBATIOif  FROM  SMALL  AND  LARGE  BASINS. 


Bicarbonate  of  Potassium. 
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Potassium  (KHC03)  of  the  Pharmacopoeia  (Potassii  Bicar- 
bonas,  B.P.);  will  be  formed— the  old  Bicarbonate  of  Potash. 

K2C03    +    H20    +    C03    =  2KHC03 

Carbonate  of  Water.  Carbonic         Bicarbonate  of 

potassium.  acid  gas.  potassium. 

The  carbonic  acid  gas  for  this  operation  is  economically 
and  conveniently  prepared  from  small  lumps  of  marble, 
though  it  might  be  obtained  from  any  carbonate ;  _  thus  the 
previous  synthetical  reaction  could  be  made  available  for 
this  purpose,  the  carbonic  acid  gas  evolved  on  the  addition 
of  the  acetic  acid  to  the  carbonate  of  potassium  being  con- 
ducted into  a  strong  solution  of  more  carbonate  of  potassium 
by  a  glass  tube  bent  and  fitted  as  described  when  treating  of 
oxygen  gas.  Economy  also  causes  hydrochloric  acid  to  be 
used  in  preference  to  acetic  or  any  other  acid. 

Generate  the  carbonic  acid  gas  by  adding  common  hydro- 
chloric acid,  diluted  with  twice  its  bulk  of  water,  to  a  few 
fragments  of  marble  contained  in  a  test-tube  or  small  flask, 
and  conduct  the  gas  into  the  solution  of  carbonate  of  potas- 
sium by  a  glass  tube  bent  to  a  convenient  angle  or  angles 
and  fitted  to  the  test-tube  by  a  cork  in  the  usual  way  (see 
fig-  10,  p.  20,  though  no  heat  is  necessary).  The  tube  may 
be  replenished  with  marble  or  acid,  or  both,  when  the  evolu- 
tion of  gas  is  becoming  slow.  In  working  on  any  larger 
quantity  than  a  few  grains  of  the  carbonate  a  wide  delivery- 
tube  should  be  employed,  or  the  end  of  the  narrow  tube 
occasionally  be  cleared  from  any  bicarbonate  that  may  have 
been  deposited  in  it.  A  more  economical  arrangement  of 
the  apparatus  employed  in  this  process  will  be  described 
under  the  corresponding  sodium  salt  (p.  88). 

Deposition  of  the  bicarbonate  explained.— Bicarbonate  of 
potassium  is  to  a  certain  extent  soluble  in  water;  but  as  it  is 
less  so  than  the  carbonate  of  potassium,  and  as  a  saturated 
solution  of  the  latter  has  been  used,  a  precipitation  of  a  part 
of  the  bicarbonate  inevitably  occurs.  In  other  words,  the 
Quantity  of  water  present  is  sufficient  to  keep  the  carbonate, 
but  insufficient  to  retain  the  equivalent  quantity  of  bicar- 
bonate in  solution. 
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Properties. — Prepared  on  the  large  scale,  bicarbonate  of 
potassium  occurs  in  colourless,  non-cleliquescent  right  rhombic 
prisms ;  it  has  a  saline,  feebly  alkaline,  non-corrosive  taste. 
Heated  to  redness,  it  loses  31  per  cent,  of  its  weight,  and  is 
converted  into  carbonate  (K2C03),  water  (H20),  and  carbonic 
acid  gas  (C03). 

2KHC03  =  K2C03  +  H20.  +  C02 

^2)200^        2)188       2)18  2)44 
100     =       69  +       9   +  22 

The  foregoing  equation  and  accompanying  molecular  weights 
(see  page  54)  show  how  bicarbonate  of  potassium,  the  mole- 
cular weight  of  which  happens  to  be  100,  must  lose  31  per 
cent.  (9  +  22)  when  completely  decomposed  by  heat. 

Effervescing  solution  of  potash. — A  solution  of  30  grains 
of  this  bicarbonate  in  one  pint  of  water,  charged  with 
5  times  its  bulk  of  carbonic  acid  gas  by  pressure,  is  medicinal 
"  potash  water,"  Liquor  Potassce  Effcrvesccns,  B.P. 

Notes  on  Nomenclature. — The  prefix  hi-  in  the  name  "  bi- 
carbonate of  potassium,"  serves  to  recall  the  fact  that  to  a 
given  amount  of  potassium  this  salt  contains  twice  as  much 
carbonic  radical  as  the  carbonate.  The  salt  is  really  a 
"  carbonate  of  potassium  and  hydrogen "  (KHC03) ;  it  is 
intermediate  between  carbonate  of  potassium  (K2C03)  and 
carbonate  of  hydrogen,  or  true  carbonic  acid  (H2C03) ;  it  is 
"  acid  carbonate  of  potassium  "  or  "  hydrogen  potassium  car- 
bonate." Hence  in  constitution  it  is  an  acid  salt,  although 
not  acid  to  the  taste. 

Salts  whose  specific  names  end  in  the  syllable  "  ate " 
(carbonate,  sulphate,  etc.)  are  in  general  conventionally  so 
termed  when  they  contain  the  radical,  or  the  characteristic 
elements,  of  an  acid  whose  name  ends  in  "  ic,"  and  from 
which  acid  they  have  been  or  may  be  formed.  Thus  the 
syllable  "  ate,'"  in  the  words  sulphate,  nitrate,  acetate,  car- 
bonate, etc.,  indicates  that  the  respective  salts  contain  the 
radical  of  an  acid  whose  name  ends  in  ic,  the  previous  syl- 
lables sulph-,  nitr-,  acet-,  carbon-,  indicating  what  that 
acid  is — sulphuric,  nitric,  acetic,  or  carbonic.  Occasionally 
a  letter  or  syllable  is  dropped  from  or  added  to  a  word  to 
render  the  name  more  euphonious  ;  thus  the  sulphuric  radical 
forms  sulphates,  not  sulphurates. 
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Citrate  of  Potassium. 

Fifth  Synthetical  Reaction.-Vissolve  a  few  grains  or  more 
of  carbonate  of  potassium  in  water  and  add  cxtric  add 
(H3C6H507)  nntil  it  no  longer  canses  effervescence^  The  re- 
sulting liq uid  is  a  solution  of  citrate  of  potassium  K3C6H507). 
Evaporate  to  dryness,  in  an  open  dish,  cautiously  so  as  to 
avoid  charring;  a  pulverulent  or  granular  residue  is  V 
tained,  which  is  the  official  Potassu  Citras  (B.P.),  the  old 
Citrate  of  Potash,  a  white  deliquescent  powder. 

orr  no    +  2HC  H.O,  =  2K3C6H507  +  3H20  +  3C02 

3K2C03   +    ZU.3U6n5W7  *Jte0\  Water.  Carbonic 

Carbonate  of  Citnc  add.  acid  gas. 

potassium.  1  .  _ 

Citrates  -The  citric  radical  or  group  of  elements  which 

anTotfeates  win  *%^£SFSS*,  B.P.),  *e 
Nitrate  of  Potassium  (KN03)  {Fotassiiivi i ro is, D 

(Potassu  Sulphas,  B.P.),  the  oia  ompu  (HNO-) 
Uvionely  also  be made  by  f^ffiSe  of 

and  ^^f0A'Xnot  made  in  that  ™,- 

Tartrate  of  Potassium. 

'    S,»  Synthetical  Reaction^  a  «*»; 
ate  oi  potassium  in  a  "^/^J^l^Linm 

^"e^loe;  i  sointion 
(KHUt-ti4ui5.)  „      ,      .       /ttttp  TT  O.^  results,  the 

nf  neutral  tartrate  of  potassium  (KKC4H+U6)  lesui  , 
i  3*  Tfarfrw  of  the  British  Pharmacopoeia,  the  old 
S  T  1  rfpXb l  or  "Soluble  Tartar."    Crystals  (4-  or 
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quantities  are  made  in  the  same  way,  20  of  acid  tartrate 
and  9  of  carbonate  (with  50  of  water)  being  about  the  pro- 
portions necessary  for  neutrality. 

2KHC4H406  +  K2C03  =  2K3C4H406   +  H20    4  C02 

Acid  tartrate  of         Carbonate  of        Neutral  tartrate         Water.  Carbonic 
potassium.  potassium.  of  potassium.  acid  gas. 

Tartrates. — C4H406  are  the  elements  characteristic  of  all 
tartrates :  they  form  a  bivalent  grouping ;  hence  the  formula 
of  the  hydrogen  tartrate,  or  tartaric  acid,  is  H2C4H406 ;  that 
of  the  potassium  tartrate  K2C4H406  ;  of  the  intermediate  salt, 
the  acid  potassium  tartrate  (cream  of  tartar),  KH04H406. 
If  the  acid  tartrate  of  one  metal  and  the  carbonate  of  another 
react,  a  neutral  dimetallic  tartrate  results,  as  seen  in  Rochelle 
Salt  (KNaC4H406),  the  Soda  Tartarata  of  the  British  Phar- 
macopoeia. 

Acid  salts  (e.g.  KHC4H406),  that  is,  salts  intermediate  in 
composition  between  a  neutral  salt  (e.g.  K2C4H406)  and  an 
acid  (e.g.  H2C4H406),  will  frequently  be  met  with.  All 
acidulous  radicals,  except  those  which  are  univalent,  may 
be  concerned  in  the  formation  of  such  acid  salts. 

Iodide  of  Potassium. 

Seventh  Synthetical  Reaction. — Into  solution  of  potash, 
heated  in  a  test-tube,  flask,  or  evaporating-basin,  according 
to  quantity,  stir  a  little  solid  iodine.  The  deep  colour  of 
the  iodine  disappears  entirely.  This  is  due  to  the  formation 
of  the  colourless  salts,  iodide  of  potassium  (KI)  and  iodate 
of  potassium  (KI03),  which  remain  dissolved  in  the  liquid. 
Continue  the  addition  of  iodine  so  long  as  its  colour,  after  a 
few  minutes'  warming  and  stirring,  disappears.  When  the 
whole  of  the  potash  in  the  solution  of  potash  has  been  con- 
verted into  the  salts  mentioned,  the  slight  excess  of  iodine 
remaining  in  the  liquid  will  colour  it,  and  thus  show  that 
this  stage  of  the  operation  is  completed. 

6KHO    +    3I2    -    5KI    +    Klb8    +  3H20 

Hydrate  of  Iodine.         Iodide  of      .    Iodate  of  Water, 

potassium.  potassium.  potassium. 

Separation  of  the  iodide  from,  the  iodate. — Evaporate  the 
solution  to  dryness.    If  each  salt  were  required,  the  result- 
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ing  mixture  might  be  digested  in  spirit  of  wine,  which  dis- 
solves the  iodide,  but  not  the  iodate.  But  the  iodide  only  is 
needed.  Intimately  mix  the  residue,  therefore  (reserving  a 
grain  or  two  for  a  subsequent  experiment),  with  excess 
(about  a  third  of  its  weight)  of  charcoal,  and  gently  heat  in 
in  a  test-tube  or  crucible  until  slight  deflagration  ensues  * 
The  crucible  may  be  held  in  a  spirit  or  air-gas  flame,  or 
other  fire,  by  tongs.  (Scissors- shaped  and  other  "  crucible- 
tongs  "  are  sold  by  all  makers  of  apparatus.)  The  iodide 
remains  unaffected  ;  but  the  iodate  loses  all  its  oxygen,  and 
is  thus  also  reduced  to  the  state  of  iodide. 

2KI03      +      303  2KI      +  6C0 

Iodate  of  Carbon.  Iodide  of  Carbonic 

potassium  potassium.  oxide. 

Treat  the  mass  with  a  little  water,  and  filter  to  separate 
excess  of  charcoal ;  a  solution  of  pure  iodide  of  potassium 
results.  The  latter  may  be  used  as  a  reagent  or  it  may  be 
evaporated  to  a  small  bulk  and  set  aside  to  crystallize. 

This  is  the  official  process  (Potassii  Iodiditm,  B.P.). 

Properties.—  Iodide  of  potassium  crystallizes  in  small  cubi- 
cal crystals,  very  soluble  in  water,  less  so  in  spirit.  One 
part  in  ten  of  water  forms  "  Solution  of  Iodide  of  Potassium," 
B  P  Exposed  to  air  and  sunlight,  pure  iodide  of  potassium 
becomes  slightly  brown,  owing  to  the  liberation  of  iodine. 
Under  these  circumstances  a  little  carbonate  ot  potassium 
is  produced  by  action  of  the  atmospheric  carbonic  acid, 
hydriodic  acid  (HI)  is  set  free,  and  the  latter,  attacked  by 
oxygen,  yields  a  trace  of  water  and  of  free  iodine.  _ 

The  addition  of  charcoal  in  the  above  process  is  simply  to 
facilitate  the  removal  of  the  oxygen  of  the  iodate  of  potas- 

*  If,  in  the  operation  of  heating  iodate  of  potassium  with  charcoal, 
excess  of  the  latter  be  employed,  slight  incandescence  rather  than  de- 
lation occurs ;  if  the  charcoal  be  largely  in- excess,  he  reduction  of 
fhe  iodate  to  iodide  of  potassium  is  effected  without  visible  deflagration 

"SfiSEKE? 'violent  burning,  from  J^ratus,  burnt  (.^ro  to 
burn?  and  da,  a  prefix  augmenting  the  sense  of  the  word  to  which  it 
?nv 'hP  attached  Paper  thrown  into  a  fire  simply  burns,  nitre  de- 
fla^ates.  Satonate  (Stone)  is  a  precisely  similar  word,  meaning  to 
explode  with  violent  noise. 
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sium.  Iodate  of  potassium  (KI03)  is  analogous  in  con- 
stitution, and  in  composition,  so  far  as  the  atoms  of  oxygen 
are  concerned,  to  chlorate  of  potassium  (KC103),  which 
has  already  been  stated  to  be  more  useful  than  any  other 
salt  for  the  actual  preparation  of  oxygen  gas  itself.  Hence 
the  removal  of  the  oxygen  of  the  iodate  might  be  accom- 
plished by  heating  the  residue  without  charcoal.  In  that 
case  the  liberated  oxygen  would  be  detected  on  inserting  the 
incandescent  extremity  of  a  strip  of  wood  into  the  mouth  of 
the  test-tube  in  which  the  mixture  of  iodide  and  iodate  had 
been  heated.  The  charcoal,  however,  burns  out  the  oxygen 
more  quickly,  and  thus  economizes  both  heat  and  time. 

Note. — The  formula  of  iodide  of  potassium  (KI)  shows  that 
the  salt  contains  potassium  and  iodine  in  atomic  proportions. 
A  reference  to  the  table  of  atomic  weights  at  the  end  of  the 
volume,  and  a  rule-of-three  sum,  would  therefore  show  what 
weight  of  salt  is  producible  from  any  given  weight  of  iodine. 

Detection  of  iodate  in  iodide  of  potassium. — Iodate  of 
potassium  remaining  as  an  impurity  in  iodide  of  potassium 
may  be  detected  by  adding  to  a  solution  of  the  latter  salt 
some  weak  acid  (say,  tartaric),  shaking,  and  then  adding 
mucilage  of  starch;  blue  "iodide  of  starch"  is  formed  if  a 
trace  of  iodate  be  present,  but  not  otherwise.  By  the  re- 
action of  the  added  acid  and  the  iodate  of  potassium,  iodic 
acid  -(HlOg)  is  produced ;  and  by  reaction  of  the  added  acid 
and  the  iodide  of  potassium,  hydriodic  acid  (HI)  is  produced ; 
neither  of  these  alone  attacks  starch,  but  by  reaction  on  each 
other  they  give  free  iodine,  which  then  forms  the  blue  colour. 
This  experiment  should  be  tried  on  a  grain  or  two  of  pure 
iodide  and  on  the  impure  iodide  reserved  from  the  previous 
experiment.  Iodide  of  potassium  containing  iodate  would 
obviously  yield  free  iodine,  which  is  excessively  corrosive,  on 
the  salts  coming  into  contact  with  the  acids  of  the  stomach. 
HI03  +  5HI  =  3H20+.3I2. 

Note  on  Nomenclature. — The  syllable  ide  attached  to  the 
syllable  iod  in  the  name  "  iodide  of  potassium,"  indioates 
that  the  element  iodine  is  combined  with  the  potassium.  An 
iodate,  as  already  explained,  is  a  salt  containing  the  cha- 
racteristic elements  of  iodzc  acid  and  of  all  iodic  compounds. 
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Inorganic  salts,  one  of  whose  names  ends  in  idc,  are  those 
which  are,  or  may  be,  formed  from  elements.    The  names  of 
salts  which  are,  or  may  be,  formed  from  compounds  include 
other  syllables,  ate  being  one  (see  page  75).    The  only  other 
syllable  is  ite,  which  is  included  in  the  names  of  salts  which 
are,  or  may  be,  formed  from  the  acids  and  radicals  whose 
names  end  in  ous :  thus  sulphite  of  sodium,  etc.    To  recapitu- 
late : — An  inorganic  salt  whose  name  ends  in  ate  contains 
a  compound  acidulous  radical  whose  name  ends  in  ic ■ ;  a 
salt  whose  name  ends  in  ite  contains  a  compound  acidu- 
lous radical  whose  name  ends  in  ous;  an  inorganic  salt 
whose  name  ends  in  ide  contains  an  element  for  its  acidulous 
radical.    Thus  sulphide  relates  to  sulphur,  sulphite  to  the 
sulphurous  radical,  sulphate  to  the  sulphuric  radical,  and  so 
on  with  other  inorganic  "  ides,"  "  ites,"  or  "  ates." 

Bromide  of  Potassium  (Potassii  Bromtdum,  B.P.).— lhis 
salt  is  identical  in  constitution  with  iodide  of  potassium, 
and  is  made  in  exactly  the  same  way,  bromine  being  sub- 
stituted for  iodine.  The  formula  of  bromic  acid  is  HBrU3. 
It-will  be  noticed  that  the  following  equations  are  similar 
in  character  to  those  showing  the  preparation  of  iodide  ot 
potassium : — 

6KHO    +    3Br2    =    5KBr     +    KBr03    +  3H20 

Hvdratoof  Bromine.         Bromide  of  Bromate  of  Water, 

potassium.  potassium.  potassium. 

2KBr03    +     3C3    =    2KBr    +  6CO 

Bromate  of  Carbon.        Bromide  of  Carbonic 

potassium.  oxioe. 


potassium. 


Manganates  of  Potassium. 

Eighth  Synthetical  Reaction.— Place  a  fragment  of  solid 
caustic  potash  (KHO),  with  about  the  same  quantity  of 
chlorate  of  potassium  (KC103)  and  of  black  oxide  of  man- 
ganese (Mn02),  on  a  piece  of  platinum  foil  *  Hold  the  foil, 
by  a  small  pair  of  forceps  or  tongs,  in  the  flame  of  a  blow- 

*  The  foil  may  be  1  in.  broad  by  2  in.  long.  No  ordinary  flame  will 
melt  the  Platinum,  fused  caustic  alkalies  only  slowly  corrode  it,  and  very 
other  chomica  substances  affect  it  at  all;  hence  the  same  piece  may 
SSdSi^SSSi  over  and  over  again.  Most  metals  form  a  fusible 
auoy  with  platinum,  and  phosphorus  rapidly  attack *  it;  hence* uch 
substances,  as  well  as  mixtures  likely  to  y.eld  them,  should  be  heated  m 
a  small  porcelain  cruoible. 
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pipe  for  a  few  minutes  until  the  fused  mixture  has  become 
dark-green— apparently  black.  This  colour  is  that  of  man- 
ganate of  potassium  (K2Mn04). 

6KHO  +  KOlOg  +  3Mn02  =  3K2Mn04  +  KC1  +  3H20 

Hydrate  of  Chlorate  of  Black  oxide  of  Mangnnate  of  Chloride  of  Water, 
potassium,    potassium.      manganese.       potassium.  potassium. 

Ninth  Synthetical  Reaction. — Permanganate  of  Potassiitm 
(K2Mn208)  (Potassii  Permanganas,  B.P.),  the  old  Perman- 
ganate of  Potash,  which  is  purple,  is  obtained,  or  rather  a 
solution  of  it,  on  placing  the  foil  and  its  adherent  mass  in 
water,  and  boiling  for  a  short  time. 

3K2Mn04    +    2H20    =    K2Mn208  +    4KHO    +  Mn02 

Manganate  of  Water.  Permanganate        Hydrate  of      Black  oxide 

potassium.  of  potassium.       potassium,   of  mangauese. 

On  the  large  scale,  the  potash  set  free  in  the  reaction  is 
neutralized  by  sulphuric  or,  better,  carbonic  acid,  and  the 
solution  evaporated  to  the  crystallizing  point.  Further 
details  will  be  given  in  connection  with  manganese. 

Solutions  of  (green)  manganate  or  (purple)  permanganate 
of  potassium  and  of  sodium  so  readily  yield  their  oxygen  to 
organic  matter,  that  they  are  used  on  the  large  scale  as  dis- 
infectants. 

Synthetical  Reactions,  bringing  under  consideration  the 
remaining  official  compounds  (namely,  bichromate,  arsenite, 
chlorate,  cyanide,  ferrocyanide,  and  ferricyanide  of  potas- 
sium), are  deferred  at  present. 

Crystallization. — This  operation  will  have  been  performed 
several  times  in  the  course  of  the  foregoing  synthetical 
experiments.  Obviously  it  offers  a  mode  of  separating 
soluble  crystallizable  substances  from  soluble  amorphous 
(a,  without ;  /j.op<f>ri,  morphe,  shape)  substances  ;  also  of  sepa- 
rating from  each  other  substances  of  varying  degrees 
of  solubility,  or  which  crystallize  with  varying  degrees  of 
readiness— fractional  crystallization. 

(b)  Reactions  having  Analytical  Interest  {Tests). 

Note. —These  are  reactions  utilized  in  searching  for  small 
quantities  of  a  substance  (in  the  present  instance  potassium) 
in  a  solution.  They  are  best  performed  in  test-tubes  or 
other  small  vessels.    Each  reaction  should  be  expressed,  in 
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the  form  of  an  equation  or  diagram,  in  the  student's  note- 
book. All  previous  or  future  equations  given  in  this  volume 
should  be  transferred  to  the  note-book  in  the  form  of  dia- 
grams, constructed  as  described  on  pages  64  to  67.  unless 
the  student  can  with  ease  construct  equations  without  the 
aid  of  the  Manual. 

First  Analytical  Reaction*— To  a  solution  of  any  salt 
of  potassium  (chloride,t  for  example)  add  a  few  drops  of 
hydrochloric  acid  -and  of  a  solution  of  perchloride  of  pla- 
tinum {  (Pt  Cl4),  and  stir' the  mixture  with  a  glass  rod ;  a 
yellow  granular  or  slightly  crystalline  precipitate  §  slowly 
forms.  (This  precipitate  is  the  double  chloride  of  platinum 
and  potassium,  and  its  composition  is  expressed  by  the 
formula  PtCl4,  2KC1.) 

Memoranda.— When  the  precipitate  is  long  in  forming,  it 
is  sometimes  of  an  orange-yellow  tint.  If  iodide  of  potassium 

*  As  already  indicated,  chemical  reactions  are  scarcely  analytical  or 
synthetical  in  themselves,  but,  rather,  performed  with  an  analytical  oi 
synthetical  object.  Indeed,  not  infrequently  one  and  the  same  reaction 
is  boTh  a  syn  hetical  and  an  analytical  reaction.  Thus  this  first,  so- 
called  ^analytical  reaction  »  is  a  synthetical  reaction  if  performed  with 
the  object  o/ preparing  a  specimen  of  the  double  chloride  of  platinum 
and  notassium  It  is  an  analytical  reaction,  or,  rather  has  analytical 
LtL^t  TPormedwith  the  object  of  demonstrating  the  presence  of 
rTotassium      Chemical  reactions  in  themselves  are  operations,  not  so 

gsis  .M  sssrwr| .=« 

of  he  molecules  undergo  metathesis,  that  is,  exchange  places  oi  axe 
SaSSoX  In  short,  chemists  use  the  words  «  analytical .»  and  syn- 
thetical "  in  a  conventional  rather  than  a  strictly  etymological  sense 

+  1  ew  fragments  of  carbonate  of  potassium  two  or  toe  drops  o 
hydrthloric  acid,  and  a  small  quantity  of  pvea  wlubon  of 

nhloride  of  potassium  at  once,  K2C03+2HC1  =  2KC1  +  H20  +  C02. 

°Fxneriments  with  such  expensive  reagents  as  perchloride  of  pla- 
timam S fSSL iSy  performed  in  watch-glasses,  drops  of  the  liquid, 

"SVFSS*^  (from  Pr«ciPitarc,  to  throw  ^.f^S 
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happen  to  be  the  potassium  salt  under  examination,  some 
iodide  of  platinum  (Ptl4)  will  also  be  formed,  giving  a  red 
colour  to  the  solution,  and  a  larger  quantity  of  the  precipitant 
(that  is,  the  precipitating  agent)  will  be  required. 

Precaution. — Only  chloride  of  potassium  forms  this  cha- 
racteristic compound :  hence,  if  the  potassium  salt  in  the 
solution  is  known  not  to  be  a  chloride,  or  if  its  composition 
is  unknown,  a  few  drops  of  hydrochloric  acid  must  be  added, 
otherwise  some  of  the  perchloride  of  platinum  will  be  utilized 
for  its  chlorine  only,  the  platinum  being  "wasted.  Thus,  if 
nitrate  of  potassium  (KN03)  be  the  salt  present,  a  little 
hydrochloric  acid  enables  the  potassium  to  assume  the  form 
of  chloride  when  the  perchloride  of  platinum  is  added,  nitric 
acid  (HNOg)  being  set  free. 

Explanation. — The  precipitate  is,  practically,  insoluble 
in  water.  It  is  for  this  reason  that  a  very  small  quantity  of 
any  soluble  potassium  salt  (or,  rather,  of  the  potassium  in 
that  salt)  is  thrown  out  of  solution  by  perchloride  of  pla- 
tinum. 

Note  on  Nomenclature. — When  distinct  molecules  of  salts 
unite  and  form  a  single  crystalline  compound,  the  product 
is  often  termed  a  double  salt.  The  double  chloride  of  potas- 
sium and  platinum  is  such  a  body. 

Educational  Note. — The  thoughtful  student  will  not  con- 
fuse the  test  with  the  chemistry  of  the  test.  The  test  itself 
appeals  to  the  senses ;  commonly  to  the  eye,  sometimes  to 
the  nose,  occasionally  to  the  ear.  A  person  may  be  able  to 
apply  a  test,  and  yet  never  know  anything  of  the  chemistry 
of  a  test. 

Acid  Tartrate  of  Potassium. 

Second  Analytical  Reaction. — To  a  solution  of  any  salt  of 
potassium  add  excess  of  strong  solution  of  tartaric  acid 
(H2C4H406),  and  shake  or  well  stir  the  mixture ;  a  white 
granular  precipitate  (acid  tartrate  of  potassium,  KHC^HjOu) 
will  be  formed. 

Note. — By  "excess"  of  any  test-liquid  (such  as  the  "  solu- 
tion of  tartaric  acid "  just  mentioned)  is  meant  such  a 
quantity  as  is  probably  rather  more  than  sufficient  to  con- 
vert the  whole  weight  of  the  compound  attacked  into  the 
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compound  produced.  Thus,  in  the  present  case,  enough 
acid  must  be  added  to  convert  the  whole  of  the  potassium 
salt  operated  on  into  acid  tartrate  of  potassium.  What  the 
weight  of  salt  operated  on  was  must  be  mentally  estimated, 
roughly,  by  the  operator.  It  is  not  necessary  in  analysing 
to  know  the  exact  weights  of  salts  employed.  The  analyst 
must  use  his  judgment,  founded  on  his  knowledge  of  the 
reaction  (as  shown  by  an  equation),  and  of  the_  molecular 
weights  of  the  substances  employed  in  the  reaction,  as  well 
as  by  the  rough  estimate  of  the  amount  of  material  on  which 
he  is  experimenting.  ,  . 

Limits  of  the  Test— Acid,  tartrate  of  potassium  is  soluble 
in  about  180  parts  of  cold  and  in  6  parts  of  boiling  water. 
Hence,  in  applying  the  tartaric  test  for  potassium,  the  solu- 
tions must  not  be  hot.  Even  if  cold,  no  precipitate  will  be 
obtained  if  the  solutions  are  very  dilute.  This  test,  there- 
fore, is  of  far  less  value  than  that  first  mentioned,  lhe 
acid  tartrate  of  potassium  is  less  soluble  in  diluted  alcohol 
than  in  water,  so  that  the  addition  of  spirit  of  wine  renders 
the  reaction  somewhat  more  delicate. 

Cream  of  Tartar.— The  precipitate  is  the  Potassn  Tartras 
Adda  of  the  British  Pharmacopoeia,  the  old  Acid  Tartrate  or 
Bitartrate  of  Potash  or  Cream  of  Tartar,  though  the  official 
preparation  is  not  formed  in  the  above  manner;  on  the 
contrary,  the  acid  is  derived  from  the  salt,  which,  often 
mixed  with  some  tartrate  of  calcium,  occurs  naturally  in 
the  juice  of  many  plants. 

Third  Analytical  Reaction.— The  flame-test.  Dip  the  looped 
end  of  a  platinum  wire  into  a  solution  containing  a  potassium 
salt,  and  introduce  the  loop  into  the  lower  part  of  a  spirit- 
flame,  the  flame  of  a  mixture  of  gas  and  air,  a  blowpipe- 
flame,  or  other  slightly  coloured  flame.  A  light  violet  or 
lavender  tint  will  be  communicated  to  the  flame,  an  effect 
highly  characteristic  of  salts  of  potassium. 

Fourth  Analytical  Fact.— Salts  of  potassium  are  not  readily 
volatile.  Place  a  fragment  of  carbonate,  nitrate,  or  other 
potassium  salt,  on  a  piece  of  platinum  foil,  and  heat  the  latter 
in  the  flame  of  a  lamp  ;  the  salt,  may  fuse  to  a  transparent 
liquid  and  flow  over  the  foil ;  water  also,  if  present,  will 
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escape  as  steam,  and  black  carbon  be  set  free  if  the  salt 
happen  to  be  a  tartrate,  citrate,  etc. ;  but  the  potassium 
compound  itself  will  not  be  vaporized.  This  is  a  valuable 
negative  property,  as  will  be  evident  when  the  analytical 
reactions  of  ammonium  come  under  notice. 


QUESTIONS  AND  EXEECISES. 

Name  the  sources  of  potassium. — Give  the  source,  formula,  and  char- 
acters of  Carbonate  of  Potassium. — Distinguish  between  synthetical  and 
analytical  reactions.— How  is  the  official  Liquor  Potasses  prepared  ? — What 
is  the  systematic  name  of  Caustic  Potash  ? — State  the  chemical  formula 
of  Caustic  Potash. — Construct  an  equation  or  diagram  expressive  of  the 
reaction  between  carbonate  of  potassium  and  slaked  lime. — Define  a 
hydrate. — What  group  of  atoms  is  characteristic  of  all  carbonates  ? — 
Define  the  term  radical.—  How  is  "  Sulphurated  Potash"  made,  and  of 
what  salts  is  it  a  mixture  ?— What  is  the  formula  of  the  radical  of  all 
acetates?— Draw  a  diagram  showing  the  formation  of  Acetate  of  Potas- 
sium.—Give  a  process  for  the  conversion  of  carbonates  into  other  salts. — 
What  is  the  difference  between  Carbonate  and  Bicarbonate  of  Potassium  ? 
How  is  the  latter  prepared  ? — What  is  the  relation  between  salts  whose 
specific  names  end  in  the  syllable  "ate,"  and  acids  ending  in  "  ic  "  ? — 
Draw  out  diagrams  or  equations  descriptive  of  the  formation  of  Tartrate 
of  Potassium  from  the  Acid  Tartrate,  and  Citrate  from  the  Carbonate  of 
Potassium. — Distinguish  between  a  neutral  and  an  acid  salt. — How  is 
Iodide  of  Potassium  made  '—Illustrate  the  process  either  by  diagrams  or 
equations. — Work  out  a  sum  showing  how  much  iodide  of  potassium  is 
producible  from  1,000  grains  of  iodine.  Ans.,  1,307  grains.— Give  a 
method  for  the  detection  of  iodate  in  iodide  of  potassium. — Explain  the 
reaction.— Has  the  syllable  "  ide  "  any  general  signification  in  chemical 
nomenclature  ?— State  the  relations  between  sulphides,  sulphites,  and 
sulphates.— Mention  the  chemical  relation  of  Bromide  to  Iodide  of  Potas- 
•  sium—  Describe  the  formation  of  Permanganate  of  Potassium,  giving 
equations  or  diagrams. — How  do  manganates  and  permanganates  act  as 
disinfectants  ?— Enumerate  the  tests  for  potassium,  explaining  by 
diagrams  or  equations  the  various  reactions  which  occur. 

SODIUM. 

Symbol,  Na.    Atomic  weight,  2'6. 

Formula,  Na2.    Probable  molecular  weight,  46. 

Memoranda. — Most  of  the  sodium  salts  met  with  in  phar- 
macy are  obtained  directly  from  carbonate  of  sodium,  which 
is  now  manufactured  on  an  enormous  scale  from  chloride  of 
sodium  (common  salt,  sea-salt,  bay-salt,  or  rock-salt),  the 
natural  source  of  the  sodium  salts.    When  pure,  salt  (Sodii 
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Ohloridum,  B.P.)  occurs  "  in  small  white  <^^*«j™£t 
or  transparent  cubic  crystals,  ^ee  from  moist ure  , 
varieties  commonly  contain  a  l^^^fl^f^d  £ 
and  sometimes  other  impurities.    Besides  *J  1  -t 

direct  use  of  carbonate  of  sod  urn  or  ^h^lfj^X^t 
is  commonly  called,  in  medicine  it  is  largely        f or  bouse 
hold  cleansing  purposes,  under  the  name  of    soda    and  n 

Sodium  (Sodium  B.P.)  is  FePa^  °J  *  P  Qastner  obtains 
that  for  ^^'^^^loSI^^  of 
it  comparatively  cheaply  by  f119*1^10^  Jr  els  It  has  a 
soda,  carbon,  and  iron,  ^rt^^t^dlY  absorbs 
bright  metallic  lustre  when  freshly  cut,  but  rapio y  £ 

oxygen  and  carbonic  acid  gas 

coated  with  carbonate  of  sodium    Xt  dl^^u^y.  b*t  unless 
water,  yielding  solution  of  hydrat e >  of  sod  Um  but 

the  sodium  is  confined  to  one  ^NjgP1^/ a°  ffidently 
floating  piece  of  fflter-paper  Ae^taon  is  no   s  ^ 
intense  to  cause  ignition  of  the  escapin g  ny  | 
the  latter  does  ignite,  it  burns  with  a  yellow  tlame, 
the  presence  of  a  little  vapour  of  sodium. 

Na,    +    2H20    =   H3    +  2NaHO 

Sodium.         Water.       Hydrogen.  Hydrate  o£  sodnnn. 

It  similarly  attacks  alcohol  yielding  ^Jj^^d 
{see  Index).    It  may  be  kept  beneath  the  ht\a).  ■ 

containing  neither  moisture  noi  oxygen 
It  crystallizes  in  octahedra.    Its  atom  is 

BeACT,ONS  HAVING  (0)  SYNTHETICAL  AND  (»)  ANALYTICAL 

Interest. 

(a)  Reactions  having  Synthetical  Interest. 
Hydrate  of  Sodium.   Caustic  Soda. 

„akiag  solutioa  of  potash,  already  descnbed. 
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Na2C03  +   Ca2HO  =  2NaHO   +  CaCOs. 

Carbonate  Hydrate  of  Hydrate  of  Carbonate 
of  sodium,  calcium.  sodium.  of  calcium. 

The  practical  student  should  apply  to  this  solution  the 
remarks  made  concerning  solution  of  potash. 

The  official  Liquor  Soclce  is  made  from  28  ounces  of  crystals 
of  carbonate  of  sodium,  12  of  washed  slaked  lime,  and  1 
gallon  of  water,  under  precisely  similar  circumstances  to 
those  detailed  for  Liquor  Potasses  (p.  64).  If  the  solution  be 
evaporated  to  dryness,  and  the  residue  fused  and  poured  into 
moulds,  solid  hydrate  of  sodium  (Soda  Caustica,  B.P.)  is 
obtained.  Caustic  soda  is  largely  employed  in  various 
manufactures. 

Second  Synthetical  Reaction, — The  reaction  of  sulphur  and 
carbonate  of  sodium  at  a  high  temperature  resembles  that  of 
sulphur  and  carbonate  of  potassium  ;  but  as  the  product  is 
not  used  in  medicine  the  experiment  may  be  omitted.  It  is 
mentioned  here  to  draw  attention  to  the  close  resemblance  of 
the  potassium  salts  to  those  of  sodium. 

Acetate  of  Sodium. 

Third  Synthetical  Reaction. — Add  carbonate  of  sodium  (in 
powder  or,  better,  in  fragments)  to  some  strong  acetic  acid 
in  an  evaporating-basin  as  long  as  effervescence  occurs,  and 
then  boil  off  some  of  the  water.*  When  the  fluid  is  cold, 
crystals  of  Acetate  of  Sodium,  B.P.  (NaC2H302,  3H20), 
the  old  Acetate  of  Soda  (Sodii  Acetas,  U.S.  P.)  will  be  de- 
posited. A  ten  per  cent,  solution  in  distilled  water  forms 
the  "  Solution  of  Acetate  of  Sodium,"  B.P. 

Na2C03  +  2HC2H302  =  2NaC2H302  +  H20  +  002. 

Carbonate  of  Acetic  Acetate  of  Water.  Carbonic 

sodium.  acid.  sodium.  acid  gas. 

Acetate  of  sodium  effloresces  in  dry  air,  and  loses  all  its 
water  of  crystallization  when  gently  heated.  It  supports  a 
temperature  of  270°  F.  or  280°  without  decomposition,  but 
above  300°  soon  chars. 

*  The  "  water"  alluded  to  occurs  in  the  acid,  which,  though  commonly 
termed  "  acetic  acid,"  is  really  a  solution  of  that  acid  in  water, 
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Bicarbonate  of  Sodium. 

Fourth  Synthetical  Reaction.-The  action  of  carbonic  acid 
(H,COA  or  carbonic  acid  gas  (C03)  and  water  (H2U),  on 
carbonate  of  sodinm  (Na2C03)  resembles  that  on  carbonate 
of  potassium,  but  is  applied  in  a  different  manner  The 
result  is  Bicarbonate  of  Sodium  (NaHCO,)  (Socln  Btcarbonas, 
B.P.),  the  old  Bicarbonate  of  Soda. 


Na2C03 

Carbonate 
o£  sodium. 


+ 


H30 

Water. 


CO,  =  2NaHC03 


+  vjw3 

Carbonic 
acid  gas 


Bicarbonate 
of  sodium. 


Fig.  17. 


PREPARATION  OS  BICARBONATE  OJ? 
SODIDM. 


OL  HUU1UU1.  ~ 

Process.__Heat  crystals  of  carbonate  of  sodium  in  a  porce- 
lain crucible  until  no  more  steam  escapes  Rub  the  . product 
in  a  mortar,  with  two-thirds  its  weight  of  more  of  the  ciys 

tals,  and  place  the  powder  in 
a  test-tube  or  small  bottle 
into  which  carbonic  acid  gas 
may  be  conveyed  by  a  tube 
passing  through  a  cork  and 
terminating  at  the  bottom  of 
the  vessel.    To  generate  the 
carbonic  acid  gas,  fill  a  test- 
tube  having  a  small  hole  m 
the  bottom   (or    a  similar 
piece   of    glass   tubing,  of 

Sing.  Now  plunge  the  tube  of  marb  e  in  o  a £H£j 
or  otter  veesel,  containing  a  thy  ^ 

acid  and  two  parts  water  and  loosen  the  co 
Wte-of-sodium  tube  until 
the  marble  tube  may  be ,  oouata*  *  £  fflltto> 
ment;  then  replace  the  00^>g^^nate  of  sodium, 
aside.    As  the  gas  is  absorbed  by  the  oa* «m 
hydrochloric  acid  rises  into  the  marble  tube .and 
resh  gas,  which,  in  its  turn,  drives  back  the  add  ikj  , 
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thus  prevents  the  production  of  any  more  gas  until  further 
absorption  has  occurred.  When  the  salt  is  wholly  converted 
into  bicarbonate  (NaHC03),  it  will  be  found  to  have  become 
damp  through  the  liberation  of  water  from  the  crystallized 
carbonate  (Na„C03,  10H2O).  (It  would  be  inconveniently 
moist,  even  semi-fluid,  if  a  part  of  the  carbonate  had  not 
previously  been  rendered  anhydrous.)  On  the  large  scale 
the  resulting  bicarbonate  may  be  freed  from  any  carbonate 
or  traces  of  other  salts,  by  adding  half  its  bulk  of  cold  dis- 
tilled water,  setting  aside  for  about  half  an  hour,  shaking 
occasionally,  draining  the  undissolved  portion,  and  drying  it 
by  exposure  on  filtering  paper. 

This  arrangement  of  apparatus  for  Sodii  Bicarbonas,  B.P., 
may  be  adopted  for  Potassii  Bicarbonas,  B.P.,  one  part  of 
carbonate  dissolved  in  two  and  a  half  parts  of  water  being 
subjected  to  the  action  of  the  gas,  and  not  the  solid  carbonate, 
as  in  the  case  of  the  sodium  salt. 

The  carbonate  of  sodium  may  be  placed,  not  in  a  test-tube 
or  bottle,  but  in  a  vertical  tube,  the  bottom  of  which  is  loosely 
closed  by  a  grooved  cork.  Any  water  of  crystallization  that 
is  set  free  then  runs  off  (into  a  basin  or  cup  beneath),  and 
takes  with  it  impurities  (chlorides  or  sulphates,  etc.)  that 
may  have  been  present  in  the  original  salt. 

Sodium  Carbonates  by  "  The  Ammonia  Process." 

Bicarbonate  of  sodium  is  prepared  by  bringing  to  the 
elements  of  bicarbonate  of  ammonium  a  strong  solution  of 
common  salt;  the  bicarbonate  of  sodium  is  precipitated. 

NH4HCOs    +    NaCl    =    NaHC03    +  NH4C1. 

Bicarbonate  Chloride  Bicarbonate  Chloride  of 

of  ammonium.  of  sodium.  of  sodium.  ammonium. 

The  resulting  chloride  of  ammonium  is  reconverted  into 
carbonate  (p.  100),  the  latter  more  fully  carbonated,  and 
again  used  for  producing  bicarbonate  of  sodium.  Carbonate 
of  Sodium  {Sodii  Carbonas,  B.P.)  is  made  by  heating  the 
bicarbonate  thus  obtained,  the  carbonic  acid  then  liberated 
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serving  for  the  conversion  of  some  carbonate  of  ammonium 
into  bicarbonate  of  ammonium. 

2NaHC03    =     Na2C03    +    H20    +  C02 

Bicarbonate  Carbonate  Water.  Carbonic 

of  sodium.  of  sodium.  acid  gas. 

A  crystal  of  carbonate  of  sodium  is  carbonate  of  sodium 
plus  water;  on  heating  it,  more  or  less  of  the  water  is 
evolved,  and  anhydrotis  carbonate  of  sodium  is  partially  or 
wholly  produced  (Sodii  Carbonas  Exsiccata,  B.P.). 

Na2C08,  10H3O    -    10H2O    =  Na2C03 

Crystallized  carbonate  Water  Dried  carbonate 

of  sodium  (280).  (180).  of  sodium  (106). 

Note  on  Nomenclature. — Anhydrous  bodies  (from  a,  and 
v'Sojp,  hudor,  i.e.  without  water)  are  compounds  from  which 
water  has  been  taken,  but  whose  essential  chemical  proper- 
ties are  unaltered.  Salts  containing  water  are  hydrous 
bodies  ;  of  these  the  larger  portion  are  crystalline,  and  their 
water  is  then  termed  water  of  crystallization.  Non-crystal- 
line hydrous  compounds  were  formerly  spoken  of  as  hydrated 
substances ;  hydrates  are,  however,  a  distinct  class  of  bodies, 
salts  derived  from  water  by  one-half  of  its  hydrogen  becom- 
ing displaced  by  an  equivalent  quantity  of  another  radical. 
Anhydrides  form  still  another  distinct  class  of  chemical  sub- 
stances ;  they  are  derived  from  acids  :  in  short,  they  are 
acids  from  which,  not  exactly  water  as  water,  but  the  ele- 
ments of  water,  have  been  removed,  the  essential  chemical 
(acid)  properties  being  thereby  greatly  altered.  (For  illus- 
trations, see  Index,  "  Anhydrides.") 

Water  of  Crystallization— The  water  in  crystallized  car- 
bonate of  sodium  is  in  the  solid  condition,  and,  like  ice  and 
other  fusible  substances,  requires  heat  for  its  liquefaction. 
Many  salts  (freezing  mixtures)  when  dissolved  in  water  give 
a  very  cold  solution.  This  is  because  they  and  their  solid 
water,  if  they  have  any,  are  then,  absorbing  some  heat  from 
surrounding  media,  converted  into  liquids.  Take  away  from 
water  some  of  its  heat,  the  result  is  ice.  Give  to  ice  (at 
32°  F  )  more  heat  than  it  contains  already,  the  result  is 
water  (still  at  32°  F.).  (Heat  thus  taken  into  a  substance 
without  increasing  its  temperature  is  said  to  become  latent— 
from  latens,  hiding;  it  is  no  longer  discoverable  by  the  sense 
of  touch  or  the  thermometer.  The  term  latent  gives  a  some- 
what incorrect  idea,,  however,  of  the  conditions  ;  for  our  know- 
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ledge  of  the  extent  and  readiness  with  which  one  form  of 
force  is  convertible  into  another  renders  highly  probable  the 
assumption  that  heat  is  in  these  cases  converted  into  motion, 
the  latter  enabling  the  molecules  of  a  solid  to  take  up  the 
new  positions  demanded  by  their  liquid  condition.)  The  only 
apparent  difference  between  ice  and  the  water  in  such 
crystals  as  carbonate  of  sodium,  is  that  ice  is  solid  water  in 
the  free,  and  water  of  crystallization  solid  water  in  the  com- 
bined state.  The  former  can  only  exist  at  and  below  32°  U\, 
the  latter  may  exist  at  ordinary  temperatures.  Salts  which 
unite  with  little  or  even  no  water  of  crystallization  at 
common  temperatures,  but  take  up  much  at  very  low  tem- 
peratures, are  termed  cryohydrates  (/cpuos,  kruos,  icy  cold, 
frost).  All  water  of  crystallization  is  dispelled  at  high 
temperatures.  In  chemical  formulae,  the  symbols  represent- 
ing water  are  usually  separated  by  a  comma  from  those 
representing  salts.  The  crystals  of  acetate  of  sodium  (of 
the  third  reaction)  contain  water  in  this  loose  state  of  com- 
bination— water  of  crystallization  (NaC2H302,  3H20).  It  is 
possible,  however,  that  this  so-called  water  of  crystallization 
is  in  a  more  intimate  state  of  combination  than  is  indicated 
by  such  a  formula  as  that  just  given. 

"Soda-water." — A  solution  of  bicarbonate  of  sodium  in 
water  charged  with  carbonic  acid  gas  under  pressure  con- 
stitutes the  official  Liquor  Sodce  Effervescens,  B.P.,  and 
like  the  official  "  potash-water "  is  a  true  medicine,  an 
antacid.  The  ordinary  beverage  "  soda-water  "  is  commonly 
a  simple  solution  of  carbonic  acid  gas  in  water,  and  would  be 
more  appropriately  termed  "  aerated  water  "  :  any  medicinal 
effect  it  may  possess  is  due  to  the  sedative  influence  of  its 
carbonic  acid  gas  on  the  coats  of  the  stomach.  Originally  it 
contained  a  little  "  soda,"  and  was  a  mild  antacid,  but  the 
public  took  to  it  as  a  mere  beverage,  refusing  to  drink  it  if 
it  contained  any  "  soda,"  yet  persisted,  and  still  persist,  in 
calling  it  "  soda-water."  At  common  temperatures  water 
dissolves  about  its  own  volume  of  carbonic  acid  gas,  both 
being  under  the  same  pressure.  One  pint  of  the  official  soda- 
water  contains  30  grains  of  bicarbonate  of  sodium  and  a  pint 
of  carbonic  acid  gas ;  bat  the  solution  is  under  a  pressure  of 
four  atmospheres,  in  addition  to  the  ordinary  pressure  of  our 
atmosphere,  five  atmospheres  altogether,  so  that  five  pints  of 
the  gas  at  ordinary  atmospheric  pressure  are  required  for  the 
quantity  mentioned. 
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Solubility  of  gases  in  water. — Whatever  the  weight  and 
volume  of  a  gas  dissolved  by  a  liquid  at  ordinary  atmo- 
spheric pressure,  that  weight  is  doubled  by  double  pressure, 
the  two  original  volumes  of  gas  thereby  being  reduced  to 
one  ;  trebled  at  treble  pressure,  the  three  original  volumes  of 
gas  being  reduced  to  one  ;  quadrupled  at  quadruple  pressure, 
the  four  original  volumes  of  gas  being  reduced  to  one,  and 
so  on.  This  is  a  general  law  (Henry  and  Dalton)  regarding 
the  solubility  of  gases  in  liquids  under  given  temperatures. 
An  average  bottle  of  <!  soda-water  "  contains  about  _  five 
times  the  weight  of  carbonic  acid  gas  which  can  exist  in  it 
without  artificial  pressure  ;  so  that  on  removing  its  cork  four 
times  its  bulk  escapes,  its  own  bulk  remaining  dissolved. 

Note—  Bicarbonate  of  sodium  may  also  be  medicinally  ad- 
ministered in  the  form  of  lozenge  (Trochisci  Sodii  Bicar- 
bonatis,  B.P.). 

Tartrate  of  Potassium  and  Sodium. 

Fifth  Synthetical  Reaction— To  some  hot  strong  solution 
of  carbonate  of  sodium  (about  three  parts),  in  a  test-tube  or 
larger  vessel,  add  acid  tartrate  of  potassium  (about  four 
parts)  till  no  more  effervescence  occurs ;  when  the  solution 
is  cold,  crystals  of  the  tartrate  of  potassium  and  sodium 
(Soda  Tartarata,  B.P.,  Potassii  et  Sodii  Tartras,  U.S.P.),  the 
old  Rochelle  Salt  or  Tartrate  of  Potash  and  Soda,  will  be 
deposited  (KNaC4H406,  4H20).  The  crystals  are  usually 
halves  of  right  rhombic  prisms. 

Na2C03  +  2KHC4H406  =2KNaC4H406  +  H20  +  C02 

Carbonate  Acid  tartrate  Tartrate  of  potassium  Water.  Carbonic 
of  sodium.         of  potassium.  and  sodium.  acid-gas. 

Tartaric  acid  HH  C4H40G 

Acid  tartrate  of  potassium  .  .  .  KH  C4H406 
Tartrate  of  potassium  and  sodium  .  KNaC4H406 

Very  close  analogy  will  be  noticed  in  the  above  formulas 
indicative  of  the  analogy  in  the  constitution  of  the  molecules 
of  these  salts.  When  the  other  tartrates  come  under  notice, 
it  will  be  found  that  they  also  have  a  similar  constitution, 
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Hypochlorite  of  Sodium. 

Sixth  Synthetical  Reaction.— Triturate  in  a  mortar  2  parts 
of  chlorinated  lime  with  a  solution  of  3  of  carbonate  of 
sodium  in  20  of  water.  Filter.  The  product  is  the  official 
solution  of  chlorinated  soda  (Liquor  Soda?  Chlorinate,  B.P.). 

CaCl202CaCl2  +  2Na2C03  =  (NaC10,NaCl)2  +  2CaC03 

Chlorinated  Carbonate  of  Chlorinated  Carbonate  of 

lime.  sodium.  soda.  calcium. 

This  solution  is  an  old  and  very  useful  disinfectant,  for- 
merly known  as  Labarraque's  liquor  and  Eau  de  Javelle.  It 
contains  about  2h  per  cent,  of  available  chlorine. 

Iodide  and  Bromide  of  Sodium. 

These  salts  (Nal  and  NaBr),  Sodii  Iodidum,  B.P.,  and 
Sodii  Bromidum,  B.P.,  are  similar  to  the  iodide  and  bromide 
of  potassium  in  constitution,  and  are  prepared  with  the  same 
manipulations,  soda  being  used  in  place  of  potash.  The 
bromide  of  sodium,  however,  must  be  crystallized  from  warm 
solutions,  or  rhombic  prisms  containing  water  (NaBr,  2H20) 
will  be  deposited. 

Other  Sodium  Compounds. 

Synthetical  Reactions  portraying  the  chemistry  of  the  re- 
maining official  compounds  (namely,  nitrate,  sulphate,  hypo- 
sulphite, borate,  arseniate,  valerianate  and  ethylate  of 
sodium)  are  deferred  until  the  several  acidulous  radicals  of 
these  salts  have  been  described. 

Pliosphate  of  Sodium. — The  preparation  and  composition 
of  this  salt  will  be  most  usefully  studied  after  bone-ash,  the 
source  of  it  and  other  phosphates,  has  been  described. 
Bone-ash  is  phosphate  of  calcium.   (See  page  123.) 

The  official  Citro-Tartrate  of  Sodium  (Sodii  Citro-tartras 
Effervesccns,  B.P.),  the  old  Citro-tartrate  of  Soda,  is  a  mixture 
of  bicarbonate  of  sodium  (17  parts),  citric  acid  (6),  tartaric 
acid  (9),  and  sugar  (5),  mixed  and  heated  (to  200°  P.  or 
220°)  until  the  particles  aggregate  to  a  granular  condition. 
When  required  for  medicinal  use,  a  dose  of  the  mixture  is 
placed  in  water ;  escape  of  carbonic  acid  gas  at  once  occurs, 
and  an  effervescing  liquid  results.  This  substance  may  be 
regarded  as  the  official  representative  of  the  popular  "  Effer- 
vescing Citrate  of  Magnesia,"  so-called,  which  will  be  further 
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noticed  in  connection  with  the  salts  of  magnesium  (page 

133).  . 

"  Lemon  and  Kali  "  is  a  pulverulent  mixture  of  bicarbo- 
nate of  sodium,  tartaric  acid,  sugar  and  essence  of  lemon.  It 
was  invented  and  so  named  by  one  Charles  Gomond  Cooke, 
who  long  retained  a  trade  monopoly  in  the  article  by  thus 
hiding  the  "soda"  under  its  ancient  name  of  "kali"  (see^p. 
25)  heightening  the  mystery  by  the  prefix  "  Lemon  and. 

Sodii  Phosphas  Effervescens,  B.P.,  and  Sodii  Sulphas  Effer- 
vescent, B.P.,  are  the  respective  anhydrous  salts  mixed  with 
bicarbonate  of  sodium  and  tartaric  and  citric  acids. 

Soda  Powders  (Pulvis  Effervescens  Compositus,  U.b.JJ.) 
are  formed  of  30  grains  of  bicarbonate  of  sodium  and  25  of 
tartaric  acid,  wrapped  separately  in  papers  of  different  colours 
When  mixed  with  water,  carbonic  acid  gas  escapes,  and 
tartrate  of  sodium  (Na2C4H406)  results,  a  little  bicarbonate 
also  remaining. .  n 

In  the  manufacture  of  Carbonate  of  Sodium,  the  old  Lai  - 
bonate  of  Soda,  the  source  of  the  sodium  is  chloride  ot 
sodium,  and  of  the  carbonic  radical  carbonate  of  calcium  in 
the  form  of  limestone.    By  "the  Le  Blanc  process  the 
chloride  is  converted  into  sulphate,  the  sulphate  then  roasted 
with   coal   and  limestone,  and  the  resulting  black  ash 
lixiviated.    (Lixivia,  from  lix,  lye— water  impregnated  with 
alkaline  salts;  hence  lixiviation,  the  operation  of  washing  a 
mixture  with  a  view  of  dissolving  out  salts.)    If  relatively 
small  quantities  of  solvents  be  employed,  the  solution  by 
lixiviation  will  be  more  or  less  fractional,  salts  of  varying 
solubility  being  thus  more  or  less  separated  from  each  other. 
The  lye,  evaporated  to  dryness,  yields  crude  carbonate  of 
sodium  (soda-ash).  By  "  the  ammonia  process    the  carbonate 
of  sodium  is  obtained  by  heating  bicarbonate  of  sodium,  the 
latter  by  mixing  strong  solutions  of  chloride  of  sodium  and 
bicarbonate  of  Lmonium.    The  last-named  salt  results  from 
the  action  of  carbonic  acid  gas  (liberated  on  heating  the 
bicarbonate  of  sodium)  on  carbonate  of  ammonium  and  this 
ajrain  from  chloride  of  ammonium  and  limestone     By  eiUiei 
process  common  salt  and  limestone  are  the  ordinary  prime 
sources  respectively  of  the  so.dium  and  the  carbonic  radical 
^carbonate  of  sodium.     The  processes  will  be  further 
described  in  connection  with  Carbonates. 
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Deliquescence  and  Efflorescence. — The  carbonates  of  sodium 
and  potassium,  chemically  closely  allied,  differ  physically. 
Carbonate  of  potassium  quickly  absorbs  moisture  from  the 
air  and  becomes  damp,  wet,  and  finally  fluid — it  is  deliques- 
cent (deliquescens,  melting  away).  Carbonate  of  sodium,  on 
the  other  hand,  yields  water  of  crystallization  to  the  air,  the 
crystals  becoming  white,  opaque,  and  pulverulent  —  it  is 
efflorescent  (efflorescens,  blossoming  forth,  in  allusion  to  the 
appearance  of  the  product). 

Analogy  of  Sodium  salts  to  Potassium  salts—  Other  syn- 
thetical reactions  might  be  described  similar  to  those  given 
under  potassium,  and  thus  citrate,  iodate,  bromate,  chlorate, 
manganate,  and  permanganate  of  sodium,  and  many  other 
salts  be  formed.  But  enough  has  been  stated  to  show  how 
chemically  analogous  sodium  is  to  potassium.  Such  ana- 
logies will  constantly  present,  themselves.  In  few  depart- 
ments of  knowledge  are  order  and  method  more  perceptible  ; 
in  few  is  there  as  much  natural  law,  as  much  science,  as  in 
chemistry. 

Substitution  of  Potassium  and  Sodium  salts  for  each 
other.— Sodium  salts  being  cheaper  than  potassium  salts,  the 
former  may  sometimes  be  economically  substituted.  That 
one  is  employed  rather  than  the  other  is  often  merely  a  result 
due  to  accident  or  fashion.  But  it  must  be  borne  in  mind 
that  in  some  cases  a  potassium  salt  will  crystallize  more 
readily  than  its  sodium  analogue,  or  that  a  sodium  salt  is 
stable  when  the  corresponding  potassium  salt  has  a  tendency 
to  absorb  moisture,  or  one  may  be  more  soluble  than  the 
other,  or  the  two  may  have  different  medicinal  effects.  For 
these  or  similar  reasons,  a  potassium  salt  has  come  to  be  used 
in  medicine  or  trade  instead  of  the  corresponding^  sodium 
salt,  and  vice  versd.  Whenever  the  acidulous  portion  only 
is  to  be  utilized,  the  least  expensive  salt  of  the  class  would 
nearly  always  be  selected. 

(b)  Reactions  having  Analytical  Interest. 

1.  The  chief  analytical  reaction  for  sodium  is  the  flame- 
test.  When  brought  into  contact  with  a  flame  in  the  manner 
described  under  Potassium  (page  84),  an  intensely  yellow 
colour  is  communicated  to  the  flame  by  any  salt  of  sodium. 
This  is  highly  characteristic — indeed,  almost  too  delicate  a 
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test;  for  if  the  point  of  the  wire  be  touched  by  the  fingers, 
enough  salt  (which  is  contained  in  the  moisture  of  the  hand) 
adheres  to  the  wire  to  communicate  a  very  distinct  sodium 
reaction.  These  statements  should  be  experimentally  veri- 
fied, the  chloride,  sulphate,  or  any  other  salt  of  sodium  being 
employed. 

2.  Sodium  salts,  like  those  of  potassium,  are  not  volatile. 
Prove  this  fact  by  the  means  described  when  treating  of  the 
effect  of  heat  on  potassium  salts  (p.  84). 


QUESTIONS  AND  EXEECISES. 

How  is  the  official  Solution  of  Soda  prepared?    Give  a  diagram  or 
equation.— Explain  the  action  of  sodium  or  potassium  on  water.  What 
colours  do  these  elements  respectively  communicate  to  flame  ?— How 
much  bicarbonate  of  sodium  can  be  obtained  from  2,240  pounds  of  crys- 
tallized carbonate  ?    Ant.,  1,316  lbs.,  nearly.— Acetate  of  Sodium:  give 
formula,  process,  and  equation.— Give  a  diagram  showing  the  formation 
of  Bicarbonate  of  Sodium.— Why  is  a  mixture  of  dried  and  undried  car- 
bonate of  sodium  employed  in  the  preparation  of  the  bicarbonate  ? - 
State  the  difference  between  anhydrous  and  crystallized  carbonate  of 
sodium.— Define  the  terms  anhydrous,  hi/drow,  hydrate,  anhydride.— 
What  do  you  understand  by  water  of  crystallization  ?— What  is  the  nature 
of  the  official  "  Liquor  Sodce  Effervescent  "  ?— How  many  volumes  of  gas 
(reckoned  as  at  ordinary  atmospheric  pressure)  are  contained  in  any  given 
volume  of  the  official  "  soda-water  "?— What  is  the  general  law  regard- 
ing the  solubility  of  gases  in  liquids  under  pressure  ?— What  is  the  sys- 
tematic name  of  Soda  Tartarata,  B.P.?  and  how  is  the  salt  prepared  ?— 
What  is  the  relation  of  Rochelle  salt  to  cream  of  tartar  and  tartaric  acid  t 
—Give  the  mode  of  preparation  of  the  official  Solution  of  Chlorinated 
Soda,  expressing  the  process  by  a  diagram.-How  is  the  effervescing 
Citro-tartrate  of  Sodium  prepared  ?- Define  deliquescence,  efflorescence, 
and  lixiviation. -State  the  relations  of  potassium  salts  to  those  of  sodium. 
—How  are  sodium  salts  distinguished  from  those  of  potassium  ? 

AMMONIUM. 

Formula,  NH4.  Combining  weight,  18. 
Memoranda.— The  elements  nitrogen  and  hydrogen,  in  the 
proportion  of  one  atom  to  four  (NHJ,  are  those  character- 
istic of  all  the  compounds  about  to  be  studied,  just  as 
potassium  (K)  and  sodium  (Na)  are  the  characteristic  ele- 
ments of  the  potassium  and  sodium  compounds.  Ammonium 
is  a  univalent  nucleus,  root,  or  radical  like  potassium  or 
sodium-  and  the  ammonium  compounds  closely  resemble 
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those  of  potassium  or  sodium.  In  short,  if,  for  an  instant, 
potassium  or  sodium  be  imagined  to  be  compounds,  the 
analogy  between  these  three  series  of  salts  is  complete. 
Ammonium  is  said  to  have  been  isolated,  by  Weyl,  as  an  un- 
stable dark-blue  liquid,  possessing  a  metallic  lustre. 

Source. — The  source  of  nearly  all  the  ammoniacal  salts 
met  with  in  commerce  is  the  ammonia  gas  (NH3)  obtained  in 
distilling  all  kinds  of  coal  in  the  manufacture  of  ordinary 
illuminating  gas  and  of  coke  ;  being  derived,  doubtless,  from 
the  nitrogen  of  the  plants  from  which  the  coal  has  been  pro- 
duced. It  is  also  a  by-product  in  distilling  paraffin  oil  from 
shale,  and  may  be  washed  out  of  the  furnace  gases  of  iron- 
works. It  is  possible,  however,  to  produce  ammonia  from  its 
elements.  Thus,  coal-dust,  air,  and.  vapour  of  water,  all  at 
a  red  heat,  yield,  according  to  Hickman  and  Thompson, 
gaseous  ammonia.  Salt  added  to  the  mixture  prevents  the 
further  combustion  of  the  formed  ammonia,  and  chloride 
of  ammonium  sublimes.  Nitrogen  and  hydrogen  passed  over 
spongy  platinum  yield  traces  of  ammonia. 

Ammonia.— When  this  gas  (NH3)  comes  into  contact  with 
the  condensed  steam  (H30)  in  the  process  of  cooling  the  coal- 
gas,  the  resulting  "ammoniacal  liquor" is  believed  to  contain 
hydrate  of  ammonium  (NH4HO),  the  analogue  of  hydrate  of 
potassium  (KHO)  or  sodium  (NaHO).  The  grounds  for  this 
belief  are  the  observed  analogy  of  the  well-known  ammoniacal 
salts  to  those  of  potassium  and  sodium,  the  similarity  of 
action  of  solutions  of  potash,  soda,  and  ammonia  on  salts  of 
most  metals,  and  the  asserted  existence  of  crystals  of  an 
analogous  sulphur  salt  (NH4HS). 

Chloride  of  Ammonium.— The  ammonia  of  the  "ammonia- 
cal liquor  "  ol  the  gas-works,  liberated  by  heat  and  the  con- 
current action  of  lime  on  sulphydrate,  carbonate,  and  other 
salts  present,  and  passed  into  hydrochloric  acid,  yields  crude 
chloride  of  ammonium  (sal-ammoniac),  NH3  +  HC1  =  NH4C1 ; 
and  from  this  salt,  purified,  the  others  used  in  pharmacy 
are  directly  or  indirectly  made.  Chloride  of  Ammonium 
(Ammonii  Chloridum,  B.P.)  occurs  "  in  colourless  inodorous 
minute  crystals,  or  in  translucent  fibrous  masses,  tough,  and 
difficult  to  powder,  soluble  in  water  [1  in  10  is  the  "  Solution 
of  Chloride  of  Ammonium,"  B.P.]  and  in  rectified  spirit." 

Chloride  of  ammonium  generally  contains  slight  traces  nf 
oxychloride  of  iron,  tarry  matter,  and  possibly  chlorides  of 
compound  ammoniums  (vide  "  Artificial  Alkaloids  "  in  Index). 

A.C.  H 
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Sulphate  of  Ammonium  (NH4)2S04,  the  old  Sulphate  of 
Ammonia,  results  when  the  ammonia  from  the  "  ammoniacal 
liquor  "  is  neutralized  by  sulphuric  acid.  It  is  largely  used 
as  a  constituent  of  artificial  manure  ;  and  when  purified  by 
recrystallization,  is  employed  in  pharmacy  (Ammonii  Sul- 
phas, U.S.P.).  .  .  . 

Volcanic  Ammonia— A  very  pure  form  of  ammonia  is 
that  met  with  in  volcanic  districts,  and  obtained  as  a  by- 
product in  the  manufacture  of  borax  ;  the  crude  boracic  acid 
as  imported  contains  5  to  10  per  cent,  of  ammonium  salts, 
chiefly  sulphate,  and  double  sulphates  of  ammonium  with 
magnesium,  sodium,  and  manganese  (Howard). 

Reactions  having  (a)  General,  (6)  Synthetical,  and 
(c)  Analytical  Interest. 

Ammonium  Amalgam  (?). 

(a)  General  Reaction.— To  forty  or  fifty  grains  of  dry  mer- 
cury in  a  dry  test-tube,  add  one  or  two  small  pieces  of 
sodium  (freed  from  adhering  naphtha  by  gentle  pressure 
with  a  piece  of  filter-paper),  and  amalgamate  by  gently 
warming  the  tube.  To  this  amalgam,  when  cold,  add  some 
fragments  of  chloride  of  ammonium  and  a  strong  solution  of 
the  same  salt.  The  sodium  amalgam  soon  begins  to  swell 
and  rapidly  increase  in  bulk,  probably  overflowing  the  tube. 
The  light  spongy  mass  produced  is  the  so-called  ammonium 
amalgam,  and  the  reaction  is  usually  adduced  as  evidence 
of  the  existence  of  ammonium.  The  sodium  of  the  amalgam 
unites  with  the  chlorine  of  the  chloride  of  ammonium,  while 
the  ammonium  is  supposed  to  form  an  amalgam  with  the 
mercury.  As  soon  as  formed  the  amalgam  gives  off  hydro- 
gen and  ammonia  gases ;  this  decomposition  is  nearly  com- 
plete after  some  minutes,  and  mercury  remains. 

(b)  Reactions  having  Synthetical  Interest. 
Hydrate  of  Ammonium.  Ammonia. 
First  Synthetical  Reaction. -Beat  a  few  grains  of  sal- 
ammoniac  with  about  an  equal  weight  of  hydrate  of  calcium 
(slaked  lime)  damped  with  a  little  water  in  a  test-tube , 
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ammonia  gas  is  given  off,  and  may  be  recognised  by  its  well- 
known  odour.  It  is  very  soluble  in  water.  Pass  a  delivery- 
tube  fitted  to  the  charged  test-tube,  as  described  for  the  pre- 
paration of  oxygen  and  hydrogen,  into  a  second  test-tube, 
at  the  bottom  of  which  is  a  little  water ;  again  heat,  the 
end  of  the  delivery-tube  being  only  just  beneath  the  surface 
of  the  water  (or,  possibly,  all  the  water  might  rush  back  into 
the  generating-tube,  water  absorbing  ammonia  gas  with 
great  avidity)  ;  solution  of  ammonia  (Liquor  Ammonice,  B.P. , 
or  Liquor  Ammonice  Fortior,  B.P.)  will  thus  be  formed. 

2^01  +  Ca2HO  =  CaCl2  +  2H20  +  2NH3 

Chloride  of     Hydrate  of     Chloride  of    Water.  Ammonia 
ammonium.       calcium.        calcium.  gas. 

A  molecule  of  ammonia  gas  is  composed  of  one  atom  of 
nitrogen  with  three  atoms  of  hydrogen  ;  its  formula  is  NH3. 
Two  volumes  of  the  gas  contain  one  volume  of  nitrogen 
combined  with  three  similar  volumes  of  hydrogen.  Its  con- 
stituents have,  therefore,  in  combining  suffered  condensation 
to  one-half  their  normal  bulk.  Its  conversion  into  hydrate 
of  ammonium  may  thus  be  shown  :  — 

NH3      +     H20      =  NH^HO 

Ammonia  Water.  Hydrate  of  ammonium 

gas.  (ammonia). 

Solutions  of  Ammonia,  prepared  by  this  process  on  a  large 
scale  and  in  suitable  apparatus,  are  met  with  in  pharmacy— 
the  one  (sp.  gr.  0-891)  containing  32-5  per  cent.,  the  other 
(sp.  gr.  0-959)  10  per  cent,  by  weight  of  ammonia  gas,  NH3, 
or  66'9  and  20*6  of  ammonia,  NH4HO  (Liquor  Ammonice 
Fortior  and  Liquor  Ammonice,  B.P.  One  part,  by  measure, 
of  the  former,  and  two  of  water  form  the  latter),  On  the 
large  scale,  bottles  are  so  arranged  in  a  series  as  to  condense 
all  the  ammonia  evolved  during  the  operation  (see  British 
Pharmacopoeia.) 

Acetate  of  Ammonium. 

Second  Synthetical  Reaction. — To  acetic  acid  and  water  in 
a  test-tube  add  powdered  commercial  carbonate  (acid  car- 
bonate and  carbamate)  of  ammonium  until  effervescence 
ceases.  Solutions  having  the  specific  gravities,  respectively, 
of  1-022  and  (five  times  the  strength)  1-073,  form  the  official 
Solutions  of  Acetate  of  Ammonium  (NH4CaH30,)  (Liquor 
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Ammonii  Acetatis,  B.P.,  and  Liquor  Ammonii  Acetatis 
Fortior,  B.P.). 

On  evaporating  and  cooling,  Acetate  of  Ammonium  (the 
old  Acetate  of  Ammonia)  may  be  obtained  in  crystals. 
NH4HC03,NH4NH2C02  +  3HC2H302 = 3NH4C2H302  +  H20  +  2C02 

Acid  carbonate  and  carbamate  Acetic  Acetate  of        Water.  Carbonic 

of  ammonium.  acid.  ammonium.  acid  gas 

Solution  of  Acetate  of  Ammonium  can,  of  course,  be  just 
as  easily  made  by  reaction  of  acetic  acid  and  solution  of 
ammonia  (NH4H0) ;  but  the  liquid,  owing  to  absence  of 
dissolved  carbonic  acid,  is  too  vapid  for  use  in  pharmacy. 

Carbonates  of  Ammonium. 

Commercial  carbonate  of  ammonium  is  made  by  heating 
a  mixture  of  chalk  and  sal-ammoniac ;  chloride  of  calcium 
(CaCl2)  is  produced,  ammonia  gas  (NH3)  and  water  (H20) 
escape,  and  the  ammoniacal  carbonate  distils  or,  rather,  sub- 
limes* in  cakes  (Ammonii  Carbonas,  B.P.,  the  old  Carbonate 
of  Ammonia).  The  best  form  of  apparatus  to  employ  is  a 
retort  with  a  short  wide  neck  and  a  cool  receiver.  On  the 
large  scale  the  retort  is  usually  iron,  and  the  receiver  earthen- 
ware or  glass ;  on  the  small  scale  glass  vessels  are  employed. 
The  salt  is  purified  by  resublimation  at  a  low  temperature— 
150°  F.  is  said  to  be  sufficient.  _ 

The  salt,  the  empirical  formula  of  which  is  N3HnC205, 
is  probably  a  mixture  of  one  molecule  (sometimes  two)  of 
acid  carbonate  of  ammonium  (NH4HC03)  and  one  of  a  salt 
termed  carbamate  of  ammonium  (NH4NH2C02).  The  latter 
belongs  to  an  important  class  of  salts  known  as  carbamates, 
but  is  the  only  one  of  direct  interest  to  the  pharmacist. 
Cold  water  extracts  it  from  the  commercial  carbonate  of 
ammonium,  leaving  the  acid  carbonate  or  bicarbonate  un<jis- 
solved  if  the  amount  of  liquid  used  be  very  small.  Alco- 
hol extracts  the  carbamate,  leaving  the  acid  carbonate 
undissolved.  In  water  the  carbamate  soon  changes  into  the 
neutral  carbonate  of  ammonium — 

NH4NH2C02  +  H20  -  (NH4)2C03; 

♦  Sublimation  (from  sublimit,  high).  Vaporization  of  a  solid  substance 
by  heat,  and  its  condensation  on  an  upper  and  cooler  part  of  t&e  vessel 
or  apparatus  in  which  the  operation  is  performed.  Substances  sublime 
at  different  temperatures,  hence  a  mixture  of  volatile  solids  may  some- 
times be  separated  or  fractionated  by  sublimation. 
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so  that  an  aqueous  solution  of  commercial  carbonate  of 
ammonium  contains  both  acid  carbonate  and  neutral  car- 
bonate of  ammonium.  If  to  such  a  solution  some  ordinary 
solution  of  ammonia  be  added,  a  solution  of  the  neutral 
carbonate  of  ammonium,  only,  is  obtained  :  and  this  is  the 
common  reagent  always  found  on  the  shelves  of  the  analytical 
laboratory.  Thus,  "  Solution  of  Carbonate  of  Ammonium," 
B.P.,  is  formed  by  dissolving  half  an  ounce  of  the  salt  in  ten 
ounces  of  water,  to  which  three-quarters  of  an  ounce  of 
solution  of  ammonia  has  been  added. 

NH4HC03  +  NH4H0  =  (NH4)2C03  +  H20. 

Neutral  carbonate  of  ammonium  is  the  salt  formed  on  adding 
strong  solution  of  ammonia  to  the  commercial  carbonate  in 
preparing  a  pungent  mixture  for  toilet  smelling-bottles  ;  but 
it  is  unstable,  and  on  continued  exposure  to  air  is  reduced  to 
a  mass  of  crystals  of  bicarbonate. 

If  carbonate  of  ammonium  contain  more  than  traces  of 
empyreumatic  matters  (from  the  gas-liquors),  an  aqueous 
solution,  with  excess  of  sulphuric  acid  added,  will  decolourize 
a  dilute  solution  of  permanganate  of  potassium  at  once. 

Sal  Volatile  (Spiritus  Ammoniai  Aromaticus,  B.P.)  is  a 
spirituous  solution  of  about  per  cent,  of  ammonia  gas 
(NH3),  nearly  3|  per  cent,  of  neutral  carbonate  of  ammonium, 
(NH4)2C03,  and  the  oils  of  nutmeg  and  lemon.  Commercial 
samples  contain  salts  equivalent  to  from  1  to  nearly  3  per 
cent,  of  ammonia  gas,  the  official  spirit  yielding  a  total  of  2\ 
per  cent,  of  the  gas.  Fetid  spirit  of  ammonia  (Spiritus 
Ammonia;  Fcetidus,  B.P.)  is  an  alcoholic  solution  of  the 
volatile  oil  of  asafoetida  mixed  with  solution  of  ammonia. 

Nitrate  of  Ammonium. 

Third  Synthetical  Reaction.— Ho  some  diluted  nitric  acid 
add  carbonate  of  ammonium,  until,  after  well  stirring,  a 
slightly  ammoniacal  odour  remains.  The  solution  contains 
Nitrate  of  Ammonium  (Ammonii  Nitras,  B.P.,  the  old  Ni- 
trate of  Ammonia). 

NHtHC03,NH4NH2C02  +  3HN03  =  3NH.iN03  +  H20  +  2C02 

Acid  carbonate  and  carbamate         Nitric  Nitrate  of      Water.  Carbonic 

of  ammonium.  acid.         ammonium.  acid  gas. 

From  a  strong  hot  solution  of  nitrate  of  ammonium,  crystals 
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may  be  .obtained  containing  much  water  (NH^03  12H.0). 
Onheating  these  m  a  dish  to  «20    '       w  P 
The  anhydrous  salt  remaining  (NH4NU3)may  De  f 
to  an  iron  plate.     On  further  heating  the  crushed  nitrate 
ItSooTo&F.,  it  is  g"  01 

« laughing  gas  »  and  water,  NH4NO.=N20  +  2J±8u. 

ffLnS  LcZe  is  thus  prepared  for  use  as  g™£*g%> 
When  required  for  inhalation,  it  is  was hed  £om  any ^ 
of  acid  or  nitric  oxide  by  being  ^f.^Si 
potash  and  solution  of  ferrous  "^^^tiy^lubfi 
acid  vapours,  the  latter  nitric  oxide     Itw  «*g  *  7 
in  warm  water,  more  so  m  cold.    It  sup poi  < *  ^ 
almost  as  well  as  oxygen    By  pre ssure  u  ™y  | 
to  a  colourless  fluid,  and  by  simultaneous  cooling  sonai 

Citrate,  Phosphate,  and  Benzoate  of  Ammonium. 

(The  old  Citrate,  Phosphate,  and  Benzoate  of  Amrnoma.) 

Fourth  Synthetical  React ion-To  bo^*^™* 
mPTrn/add  solution  of  ammonia  (JNJ±4J±U)  unui  ^ 
{*£5££  tuid °  smells  faintly  of  —a  Solution 
LviBg  the  specific  gravities,  ^Tof 
times  the  strength)   1  20a L lorm  u ne  4?}Mnom7 
Citrate   of  Ammonium,   (^A^O? ^Fortior,  B.P.). 

Phosphate  of •Amonomum,(^B.i)^U,,{Amv  r 
B.P.),  and  Benzoate  of  ^^d^S^  of  ainmonia 

^^Sryi^^^  asideir 

crystals  to  form.  qgn 
■ctptto     +     3NH.EO    =    (NH,3C6H507  + 

H3C6H507       +       °f^a_  Ci\rate  of  ammonium. 

Citric  acid.                *™T  TTn  '"NTT  ^  RPO,  +      211 2U 

upn  +     2NH4HO  =     ^^-k^  ;jtm  Water 

■H-3rU4  +        Ammonia.  Phosphate  ol  ammonium. 

Pbosphoncacia            —  =     ^0,.  + 

SS£t    +  ——It  cololrless 

^tl^rwS;  SSi^;  benzoate  in 

with  Hydrobromic  Acid  and  other  Biomideb. 
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Oxalate  of  Ammonium. 

Fifth  Synthetical  Reaction. — To  a  nearly  boiling  solution 
of  1  part  of  oxalic  acid  in  about  8  of  water  add  carbonate  of 
ammonium  until  the  liquid  is  neutral  to  test-paper  (see 
following  paragraphs),  filter  while  hot,  and  set  aside  for 
crystals  to  form.  The  product  is  Oxalate  of  Ammonium, 
B.P.,  (NH4)2C204,  H20,  the  old  Oxalate  of  Ammonia.  The 
mother-liquor  is  useful  as  a  reagent  in  analysis ;  1  of  the 
pure  salt  in  40  of  water  forms  "  Solution  of  Oxalate  of 
Ammonium,"  B.P. 

3H2C204  +  2N3HnC805  =  3(NH4)2C204  +  4C02  +  2H20 

Oxalic  "  Carbonate  of  Oxalate  of  Carbonic  Water, 

acid.  ammonium."  ammonium.  acid  gas. 

Neutralization.— Thus  far  the  methods  by  which  the 
student  has  avoided  excess  of  either  acid  matter  on  the  one 
hand,  or  alkaline  on  the  other,  have  been  the  rough  aid  of 
taste,  cessation  of  effervescence,  presence  or  absence  of  odour, 
etc.    More  delicate  aid  is  afforded  by  test-papers. 

Test-papers. — Litmus  (B.P.)  is  a  blue  vegetable  pigment, 
prepared  from  various  species  of  Roccella  lichen,  exceedingly 
sensitive  to  the  action  of  acids,  which  turn  it  red.  When 
thus  reddened,  alkalies  (potash,  soda,  and  ammonia)  and  other 
soluble  hydrates  readily  turn  it  blue.  The  student  should 
here  test  for  himself  the  delicacy  of  this  action  by  experiments 
with  paper  soaked  in  solution  of  litmus  and  dipped  into  very 
dilute  solutions  of  acids,  acid  salts  (KHC4H406,  e.g.),  alkalies, 
and  such  neutral  salts  as  nitrate  of  potassium,  sulphate  of 
sodium,  or  chloride  of  ammonium. 

Solution  of  Litmus  (B.P.). — This  is  prepared  from  purified 
litmus.  Gently  boil  litmus  with  three  times  its  bulk  of 
spirit  of  wine  for  an  hour.  Pour  away  the  fluid  and  repeat 
the  operation  twice.  Digest  the  residual  litmus  in  distilled 
water  and  filter. 

Blue  litmus-paper  (B.P.)  is  "  unsized  white  paper  steeped 
in  solution  of  litmus  and  dried  by  exposure  to  the  air."  Red 
litmus-paper  (B.P.)  is  "  unsized  white  paper  steeped  in  solu- 
tion of  litmus  which  has  been  previously  reddened  by  the 
addition  of  a  very  minute  quantity  of  acid,  and  dried  by 
exposure  to  the  air." 

Turmeric  paper  (B.P.)  similarly  prepared  from  Tincture 
of  Turmeric  (B.P.)  (1  of  turmeric  root  or  rhizome  to  6  of 
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rectified  spirit,  macerated  for  seven  days),  is  occasionally  use- 
ful as  a  test  for  alkalies,  which  turn  its  yellow  to  brown ; 
acids  do  not  affect  it. 

Other  "  indicators  "  of  alkalinity  or  acidity  are  used. 

Sulphydrate  of  Ammonium. 

Sixth  Synthetical  Reaction.— Pass  sulphuretted  hydrogen 
gas  (H2S)  through  a  small  quantity  of  solution  of  ammonia 
in  a  test-tube,  until  a  portion  of  the  liquid  no  longer  causes 
a  white  precipitate  in  solution  of  sulphate  of  magnesium;  the 
product  is  Solution  of  Sulphydrate  of  Ammonium  (NH4HS), 
formerly  erroneously  termed  Sulphide  of  Ammonium,  a 
valuable  chemical  reagent,  as  will  presently  be  apparent  :— 
NH4HO  +  H2S = NH4HS  +  H20. 

"Solution  of  Sulphydrate  of  Ammonium,"  of  official 
strength,  is  made  by  passing  the  gas,  prepared  as  described 
on  the  next  page,  into  3  fluid  ounces  of  solution  of  ammonia 
(  Liquor  Ammonia})  so  long  as  the  gas  continues  to  be 
absorbed,  then  adding  2  more  ounces  of  solution  oi 
ammonia,  and  preserving  the  solution  in  a  well-stoppered 
bottle. 

Sulphuretted  hydrogen  is  a  compound  of  noxious  odour ; 
hence  the  above  operation,  and  many  others,  described  farther 
on,  in  which  this  gas  is  indispensable,  can  only  be  performed 
in 'the  open  air,  or  in  a  fume-cupboard-*  chamber  so  con- 
trived that  deleterious  gases  and  vapours  shall  escape  into  a 
chimney  in  connection  with  the  external  air.  In  the  above 
experiment,  the  small  quantity  of  gas  required  can  be  made 
in  a  test-tube,  after  the  manner  of  hydrogen  itself.  To  some 
fragments  of  sulphide  of  iron  (FeS)  add  water  and  then 
sulphuric  acid  ;  the  gas  is  at  once  evolved,  and  may  be  con- 
ducted by  a  tube  into  the  solution  of  ammonia.  Sulphate  of 
iron  remains  dissolved  :-FeS  +  H2S04  =  H2S  +  FeS04. 

Sulphuretted-hydrogen  Apparatus.-As  no  heat  is  neces- 
sary in  making  sulphuretted  hydrogen  (B.P.),  the  test-tube 
of  the  foregoing  operation  may  be  advantageously  replaced 
by  a  bottle,  especially  when  larger  quantities  of  the  gas  are 
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required.  In  analytical  operations,  the  gas  should  be  purified 
by  passing  it  through  water  contained  in  a  second  bottle. 

Fig.  18. 


SULPHURETTED-HrDBOGEN  APPARATUS. 


The  most  convenient  arrangement  for  experimental  use  is 
prepared  as  follows  : — Two  common  wide-mouth  bottles  are 
selected,  the  one  having  a  capacity  of  about  half  a  pint,  the 
other  a  quarter  pint ;  the  former  may  be  called  the  generat- 
ing-bottle, the  latter  the  wash-bottle.  Fit  two  corks  to  the 
bottles.  Through  each  cork  bore  two  holes,  with  a  round  file 
or  other  instrument,  of  such  a  size  that  glass  tubing  of  about 
the  diameter  of  a  quill  pen  shall  fit  them  tightly.  Through 
one  of  the  holes  in  the  cork  of  the  generating-bottle  pass  a 
funnel-tube,  so  that  its  extremity  may  nearly  reach  the 
bottom  of  the  bottle.  To  the  other  hole  adapt  a  piece  of 
tubing,  6  inches  long,  and  bent  in  the  middle  to  a  right 
angle.  A  similar  "  elbow-tube"  is  fitted  to  one  of  the  holes  in 
the  cork  of  the  wash-bottle,  and  another  elbow-tube,  one  arm 
of  which  is  long  enough  to  reach  to  near  the  bottom  of  the 
wash-bottle,  fitted  to  the  other  hole.  Removing  the  corks, 
two  or  three  ounces  of  water  are  now  poured  into  each 
bottle,  an  ounce  or  two  of  sulphide  of  iron  put  into  the  gen- 
erating-bottle, and  the  corks  replaced.  The  elbow- tube  of 
the  generating-bottle  is  now  attached  by  a  short  piece  of 
india-rubber  tubing  to  the  long-armed  elbow-tube  of  the  wash- 
bottle,  so  that  gas  coming  from  the  generator  may  pass 
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through  the  water  in  the  wash-bottle.    The  delivery-tube  of 
the  wash-bottle  is  then  lengthened  by  attaching  to  it,  by 
india-rubber  tubing,  another  piece  of  glass  tubing  several 
inches  in  length.     The  apparatus  is  now  ready  for  use. 
Strong  sulphuric  acid  is  poured  down  the  funnel-tube  in 
small  quantities  at  a  time,  until  brisk  effervescence  is  estab- 
lished, and  more  added  from  time  to  time  as  the  evolution  of 
gas  becomes  slow.    The  gas  passes  through  the  tabes  into 
the  wash-bottle,  where,  as  it  bubbles  up  through  the  water 
any  trace  of  sulphuric  acid,  or  other  matter  mechanically 
carried  over,  is  arrested,  and  thence  the  gas  flows  out  at  the 
delivery-tube  into  any  vessel  or  liquid  that  may  be  placed 
there  to  receive  it.    The  generator  must  be  occasionally  dis- 
mounted, and  the  sulphate  of  iron  washed  out. 

Tn.Hr>  a  (lutum  niud).-If  the  corks  of  the  above  apparatus 

finger  over  its  surface. 

(c)  Reactions  having  Analytical  Interest  {Tests). 
First  Analytical  Reaction.-To  a  solution  of  a  salt  of 
ammonium  (chloride,  for  example)  in  a  test-tube }  add  solu, 
iTof  soda  (or  potash,  or  slaked  lime),  and  well  shake  01 
warm;  a  characteristic  odour  (ammonia,  NH3)  xesuits. 
jm  oi  +  NaHO  =  NH;5  +  H20  +  NaCl. 

Though  ammonium  itself  cannot,  be       *  ^^gj 
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The  odour  of  ammonia  is  the  best  means  of  recognising 
its  presence ;  but  the  following  tests  are  occasionally  useful. 
Into  the  upper  part  of  the  test-tube  insert  a  glass  rod 
moistened  with  strong  hydrochloric  acid  (that  is,  with  the 
solution  of  hydrochloric  acid  gas,  conventionally  termed 
hydrochloric  acid,  the  Acidum  Hydrochloricum  of  the 
Pharmacopoeia) ;  white  fumes  of  chloride  of  ammonium  will 
be  produced  :— NH3  +  HC1  =  NH4C1.  Hold  a  piece  of  moist 
red  litmus-paper  in  a  tube  in  which  is  ammonia  gas  ;  the  red 
colour  will  be  changed  to  blue. 

Second  Analytical  Reaction. — To  a  few  drops  of  a  solution 
of  an  ammonium  salt  add  a  drop  or  two  of  hydrochloric  acid 
and  a  like  small  quantity  of  solution  of  perchloride  of  platinum 
(PtCl4) ;  a  yellow  crystalline  precipitate  (the  double  chloride 
of  platinum  and  ammonium,  PtCl4,2NH4Cl)  will  be  produced 
similar  in  appearance  to  the  corresponding  salt  of  potassium, 
the  remarks  concerning  which  (p.  83)  are  equally  applicable 
to  the  precipitate  under  notice. 

Third  Analytical  Reaction. — To  a  moderately  strong 
solution  of  an  ammonium  salt  add  a  strong  solution  of 
tartaric  aci,d,  and  shake  or  well  stir  the  mixture  ;  a  white 
granular  precipitate  (acid  tartrate  of  ammonium)  will  be 
formed. 

For  data  from  which  to  draw  out  an  equation  representing 
this  action,  see  the  remarks  and  formulse  under  the  analogous 
salt  of  potassium  (p.  83). 

Fourth  Analytical  Fact. — Evaporate  a  few  drops  of  a  solu- 
tion of  an  ammonium  salt  to  dryness,  or  place  a  fragment  of  a 
salt  in  the  solid  state  on  a  piece  of  platinum  foil,  and  heat  in 
a  flame  ;  the  salt  is  readily  volatilized.  As  already  noticed, 
the  salts  of  potassium  and  sodium  are  fixed  under  these 
circumstances,  a  point  of  difference  of  which  advantage  will 
frequently  be  taken  in  analysis.  A'  porcelain  crucible  may 
often  be  advantageously  substituted  for  platinum  foil  in  ex- 
periments on  volatilization. 
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Salts  of  ammonium  with  the  more  complex  acidulous 
radicals  seldom  volatilize  unchanged  when  heated.  The 
oxalate,  when  warmed,  loses  its  water  of  crystallization,  and 
at  a  higher  temperature  decomposes,  yielding  carbonic  oxide, 
carbonic  acid  gas,  ammonia  gas,  water  (the  three  latter  some- 
times in  combination),  and  several  organic  substances.  The 
phosphate  yields  more  or  less  phosphoric  acid  as  a  residue. 

A  wire  triangle  may  be  used  in  supporting  crucibles 
(fig.  19).  It  is  made  by  twisting  together  each  pair  of  ends 
of  three  (5-  or  6-inch)  crossed  pieces  of  wire  (fig.  20)._  A 
piece  of  tobacco-pipe  stem  (about  2  inches)  is  sometimes 
placed  in  the  centre  of  each  wire  before  twisting,  the  trans- 
ference of  any  metallic  matter  to  the  sides  of  the  crucible 
being  thus  prevented  (fig.  21). 


Fig.  19.  Fig.  20.  Fig.  21. 


TRIANGULAR  SUPPORTS  FOR  CRUCIBT.RS. 


Practical  Analysis. 
With  regard  to  those  of  the  preceding  experiments  which 
are  useful  rather  as  means  of  detecting  the  presence  of 
potassium,  sodium,  and  ammonium,  than  as  illustrating  the 
preparation  of  salts,  the  so-called  "  tests,"  the  student  should 
proceed  to  apply  them  to  certain  solutions  of  any  of  the  salts 
of  potassium,  sodium,  and  ammonium,  with  the  view  of 
ascertaining  which  metal  is  present;  that  is,  proceed  to 
practical  analysis*    A  little  thought  will  enable  him  to 

*  Such  solutions  are  prepared  in  educational  laboratories  by  a  tutor. 
Thev  should,  under  other  circumstances,  be  mixed  by  a  friend,  as  it  is 
not  desirable  for  the  student  to  know  previously  what  is  contained  in  the 
substance  he  is  about  to  analyse.  . 

The  analysis  of  solutions  containing  only  one  salt  serves  to  impress  the 
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apply  these  reactions  in  the  most  suitable  order  and  to  the 
best  advantage  for  the  contemplated  purpose  ;  but  the 
following  arrangements  are  perhaps  as  good  as  can  be 
devised : — 

DIRECTIONS  FOR  APPLYING  THE  FOREGOING  ANALYTICAL 
REACTIONS  TO  THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION 
OF  A  SALT  OF  ONE  OF  THE  METALS,  POTASSIUM, 
SODIUM,  AMMONIUM. 

To  a  small  portion  of  the  solution  to  be  examined,  in  a 
test-tube,  add  caustic  soda,  and  warm  the  mixture ;  the  odour 
of  ammonia  gas  reveals  the  presence  of  an  ammonium  salt. 

If  ammonium  be  not  present,  apply  the  perchloride-of- 
platinum  test  to  another  portion  of  the  liquid  ;  a  yellow  pre- 
cipitate proves  the  presence  of  potassium. 

(It  will  be  observed  that  potassium  can  only  be  detected  in 
the  absence  of  ammonium,  salts  of  the  latter  radical  giving 
similar  precipitates.) 

The  flame-test  is  sufficient  for  the  recognition  of  sodium. 


DIRECTIONS  FOR  APPLYING  THE  FOREGOING  ANALYTICAL 
REACTIONS  TO  THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION 
OF  SALTS  OF  ONE,  TWO,  OB  ALL  THREE  OF  THE 
ALKALI  METALS. 

Commence  by  testing  a  small  portion  of  the  solution  for 
an  ammonium  salt.  If  it  be  present,  make  a  memorandum 
to  that  effect,  and  then  proceed  to  get  rid  of  the  ammoniacal 
compound  to  make  way  for  the  detection  of  potassium  ;  ad- 
vantage is  here  taken  of  the  volatility  of  ammonium  salts 

memory  with  the  characteristic  tests  for  the  various  metals  and  other 
radicals,  and  familiarize  the  mind  with  chemical  principles.  Medical 
students  seldom  have  time  to  go  farther  than  this.  More  thorough  analy- 
tical and  general  chemical  knowledge  is  only  acquired  by  working  on 
such  mixtures  of  bodies  as  are  met  with  in  actual  practice,  beginning  with 
solutions  which  may  contain  any  or  all  of  the  members  of  a  group.  Hence 
in  this  Manual  two  tables  of  short  directions  for  analysing  are  given  under 
each  group.    Pharmaceutical  students  should  follow  the  second. 
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and  the  fixity  of  those  of  potassium-and  sodium.  Evaporate 
the  original  solution  to  dryness  in  a  small  basin,  ^ansfer  the 
solid  residue  to  a  porcelain  crucible,  and  heat  the  Utter  to 
low  redness,  or  until  dense  white  fumes  (of  ^™»™*}  °^ 
cease  to  escape  (see  fig.  19).  This  operation  should  be  con  t 
ducted  in  a  fume-cupboard,  to  avoid  ^^^^ 
air  of  the  laboratory.  When  the  crucible  is  cold,  dissolve 
out  the  solid  residue  with  a  small  quantity  of  hot  water,  and 
It  the  solution  for  potassium  by  the  perchloride-of-platmum 
test  and  for  sodium  by  the  flame-test. 

^hen  the  starting  Lt  has  shown  absence  of  a— m 
the  original  solution  may,  ef  course,  at  onee  be  tested  for 

potassium  and  sodium. 

Mame-test  -The  violet  tint  imparted  to  flame  by  potassium 

Sk-bluf  glass!  a  mediX  which  absorbs  the  yellow  rays  of 
light.  ,.    •  , 

mean  Nomenclatu.-e.-TU  ^^g^Zyt 

and  ignition  is  accompanied  by  carbonization  ui< a 
•  +n  char     When  all  carbonaceous  matter  is  bumt  on, 

is  said,  to  cnai .    vvubu»     _  its  cover  removed 

the  crucible  being  s ightly  }^^™*j£T° °*  aSh,  alone 

Note  on  the  Classification  of  the  Elements. -The  com- 
pound S  potassium^odium  -^^i^^S 
analogies.  Their  carbonat es,  phosp^tes  and  othe^ 
salts  are  soluble  m  water.  ^e  a^8  0Ij  diapiaced  by  one 
are  univalent-that £  each  J^.^^tute  by  Wr 
atom  of  hydrogen.  In  fact  t^^e  raQlc  famil  All  the 
similarity  in  properties  a  dist  met  g™P  ^  should 
elements  thus  naturally  fall  into  «'asse9  f  Moh  should 
constantly  be  borne  m  mind,  and  ev  dm oe  o  m 
always  be  sought    I   would  be  impo  sibie  ^  ^ 

fi^^tatgfp»   Classen  is  also  an 
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important  feature  in  the  art  as  well  as  in  the  science  of 
Chemistry  ;  for  without  it  practical  analysis  could  not  be 
undertaken.  The  classification  adopted  in  this  volume  is 
founded  on  the  quantivalence  of  the  elements  and  on  their 
analytical  relations. 


QUESTIONS  AND  EXEKCISES. 

Why  are  ammoniacal  salts  classed  with  those  of  potassium  and 
sodium  ?-  Mention  the  sources  of  the  ammonium  salts. — Describe  the 
characters  of  Chloride  of  Ammonium. — Give  the  formula  of  Sulphate  of 
Ammonium. — Adduce  evidence  of  the  existence  of  Ammonium. — How  is 
Solution  of  Ammonia  prepared  ?  Give  a  diagram. — How  is  the  official 
Solution  of  Acetate  of  Ammonium  prepared  ? — What  is  the  composition 
of  commercial  Carbonate  of  Ammonium  ? — Define  sublimation. — What 
ammoniacal  salts  are  contained  in  Spiritm  Ammonia  Aromaticus,  B.P., 
and  Spiritus  Ammonia  Fcetidus,  B.P.  ? — Give  diagrams  or  equations 
illustrating  the  formation  of  Citrate,  Phosphate,  and  Benzoate  of  Am- 
monium.— Give  the  formula  of  Oxalate  of  Ammonium. — How  is  hydrate 
of  ammonium  converted  into  sulphydrate  ? — Describe  the  preparation  of 
Sulphuretted  Hydrogen  Gas. — Enumerate  and  explain  the  tests  for  am- 
monium.— How  is  potassium  detected  in  a  solution  in  which  ammonium 
has  been  found  ? — Give  equations  illustrating  the  action  of  hydrate  of 
sodium  on  acetate  of  ammonium  ;  hydrate  of  potassium  on  sulphate  of 
ammonium ;  and  hydrate  of  calcium  on  nitrate  of  ammonium. — What 
are  the  effects  of  acids  and  alkalies  on  litmus  and  turmeric  ? — Describe 
the  analysis  of  an  aqueous  liquid  containing  salts  of  potassium,  sodium, 
and  ammonium. — What  meanings  are  commonly  assigned  to  the  terms 
evaporation,  ipnition,  carbonization,  and  incineration  ? — Write  a  short 
article  descriptive  of  the  analogies  of  potassium,  sodium,  and  ammonium, 
and  their  compounds. 


BARIUM,  CALCIUM,  MAGNESIUM. 

These  three  elements  have  many  analogies.  Their  atoms 
are  bivalent. 

BARIUM. 

Symbol,  Ba.    Atomic  weight,  137. 

The  analytical  reactions  of  this  metal  are  those  which  are 
of  chief  interest  to  the  general  student  of  pharmacy.  The 
nitrate  of  barium,  the  old  nitrate  of  baryta  or  nitrate  of 
barytes  (Ba2N03),  and  the  chloride  (BaCl2,2H20),  are  the 
soluble  salts  in  common  use  in  analysis  (Chloride  of  Barium, 
B.P.,  and  "Solution  of  Chloride  of  Barium,"  1  in  10  of  water, 
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B.P.) ;  and  these  and  others  are  made  by  dissolving  the  native 
carbonate  (BaC03),  the  mineral  witherite,  in  acids,  or  by  heat- 
ing  the  other  common  natural  compound  of  barium,  the  sul- 
phate, heavy  white  or  heavy  spar  (BaSO+),  with  coal,  which 
yields  sulphide  of  barium  (BaS),  (BaS04  +  C4=4CO  +  BaS) 
and  dissolving  the  sulphide  in  appropriate  acids.  When  the 
nitrate  is  strongly  heated,  it  is  decomposed,  the  oxide  of  barium 
or  baryta  (BaO)  remaining.  Baryta,  on  being  moistened, 
assimilates  the  elements  of  water  with  great  avidity,  and 
yields  hydrate  of  barium  (Ba2HO).  The  latter  is  tolerably 
soluble,  giving  baryta  water  ;  and  from  this  solution  crystals 
of  hydrate  of  barium  are  obtained  on  evaporation. 

The  operations  above  described  may  all  be  performed  in 
test-tubes  and  small  porcelain  crucibles  heated  by  the  gas- 
flame.    Quantities  of  1  oz.  to  1  lb.  require  a  coke  furnace. 

Peroxide  of  barium  (Ba02)  is  formed  on  passing  air  over 
baryta  heated  to  about  600°  F.  On  raising  the  temperature, 
oxygen  is  evolved  and  baryta  remains.  This  is  Boussin- 
gault's  old  process  ;  but  the  baryta  loses  its  absorbing  power 
after  a  time.  If  the  air  be  freed  from  carbonic  acid  gas,  and 
the  peroxide  be  not  exposed  to  a  much  higher  temperature 
than  800°  F.  (by  heating  in  a  vacuum),  the  baryta  can  be 
used  over  and  over  again.  This  improvement  is  by  Messrs. 
Brin,  who  sell  the  oxygen  compressed  within  strong  metal 
cylinders.  By  the  action  of  dilute  acid,  peroxide  of  barium 
yields  solution  of  peroxide  of  hydrogen  (H208),  the  old  oxy- 
genated water.  On  neutralizing  solution  of  peroxide  of  hydro- 
gen with  ammonia,  and  adding  permanganate  of  potassium, 
oxygen  gas  is  evolved,  its  volume  indicating  the  oxygen 
"  volume-strength  "  of  the  original  solution.  _ 

Quantivalence,— The  atom  of  barium  is  bivalent,  Ba". 

Beactions  having  Analytical  Interest  (Tests). 

First  Analytical  Reaction— To  the  aqueous  solution  of  any 
soluble  salt  of  barium  (nitrate  or  chloride,  for  example)  add 
dilute  sulphuric  acid  ;  a  white  precipitate  is  obtained.  Set 
the  test-tube  aside  for  two  or  three  minutes,  and  when  some 
of  the  precipitate  has  fallen  to  the  bottom,  pour  away  the 
supernatant  liquid,  wash  the  precipitate  by  adding  water, 
shaking,  setting  aside,  and  again  decanting ;  and  then  add 
strong  nitric  acid,  and  boil;  the  precipitate  is  insoluble. 
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The  production  of  a  white  precipitate  by  sulphuric  acid, 
insoluble  even,  in  hot  nitric  acid,  is  highly  characteristic  of 
barium.  The  name  of  this  precipitate  is  sulphate  of  barium  ; 
its  formula  is  BaS04. 

Antidotes. — In  cases  of  poisoning  by  soluble  barium  salts, 
obvious  antidotes  would  be  solution  of  alum  or  of  any  sul- 
phates, such  as  those  of  magnesium  and  sodium  (Epsom  salt, 
Glauber's  salt). 

Second  Analytical  Reaction. — To  a  barium  solution  add 
solution  of  the  yellow  chromate  of  potassium  (K2Cr04) ;  a 
pale-yellow  precipitate  (chromate  of  barium,  BaCr04)  falls. 
Add  acetic  acid  to  a  portion ;  it  is  insoluble.  Add  hydro- 
chloric or  nitric  acid  to  another  portion ;  it  is  soluble. 

"  Neutral  Chromate." — The  red  chromate  (or  bichromate) 
of  potassium  (K2Or04,  Cr03)  must  not  be  used  in  this  reaction, 
or  the  barium  will  be  only  imperfectly  precipitated  :  for  the 
red  salt  gives  rise  to  the  formation  of  free  acid,  in  which 
chromate  of  barium  is  to  some  extent  soluble  : — 

K2Cr04,  Cr03  +  2BaCl2  +  H20  =  2BaCr04  +  2K01  +  2HC1. 

The  yellow  chromate  is  obtained  on  adding  bicarbonate  of 
potassium,  200  grains,  in  small  quantities  at  a  time,  to  a  hot 
solution  of  the  red  chromate,  about  295  grains,  until  effer- 
vescence ceases.  The  product,  diluted  to  10  fluid  ounces,  is 
"  Solution  of  Yellow  Chromate  of  Potassium,"  B.P. 

K2Cr04,  Cr03  +  2KHC03  -  2K2Cr04  +  2C02  +  H20. 

For  analytical  purposes  solution  of  a  neutral  chromate  is 
still  more  readily  prepared  by  simply  adding  solution  of 
ammonia  to  solution  of  red  chromate  of  potassium,  until  the 
liquid  turns  yellow,  and,  after  stirring,  smells  of  ammonia. 

K2Cr04,  Cr03  +  2NH4HO  -  2KNH4Cr04  +  H20. 

Other  Analytical  Reactions. — To  a  barium  solution  add  a 
soluble  carbonate  (carbonate  of  ammonium — (NH4)3C03 — 
will  generally  be  rather  more  useful  that  the  others) ;  a 
white  precipitate  (carbonate  of  barium,  BaC03)  results.  To 
more  of  the  solution  add  an  alkaline  phosphate  or  arseniate 
(phosphate  of  sodium — Nar,HPO., — is  the  most  common  of 
these  chemically  analogous  salts,  but   phosphate  of  am- 
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moiiium—  (NH4)2HP04— or  arseniate  —  (NH4)2HAs04— will 
subsequently  have  the  preference);  white  phosphate  of  barium 
(BaHP04),  insoluble  in  pure  water,  but  slightly  soluble 
in  aqueous  solutions  of  some  salts,  or  arseniate  of  barium 
(BaHAs04),  both  soluble  even  in  acetic  and  other  weak 
acids,  will  be  precipitated.  To  another  portion  add  oxalate 
of  ammonium  (NH4)2C204 ;  white  oxalate  of  barium  (Ba0204) 
is  precipitated,  soluble  in  the  diluted  mineral  acids,  and 
sparingly  so  in  acetic  acid.  Barium  salts,  moistened  with 
hydrochloric  acid,  impart  a  greenish  colour  to  flame. 

Mem.— Good,  practice  will  be  found  in  writing  out  equa- 
tions descriptive  of  each  of  the  foregoing  reactions. 


QUESTIONS  AND  EXERCISES. 

What  is  the  quantivalence  of  barium  ?— Write  down  the  formula; 
oxide,  hydrate,  chloride,  nitrate,  and  sulphate  of  barium  ;  and  state  h< 
they  are  prepared.— Describe  the  preparation  of  peroxide  of  hydrogen. 
Which  of  the  tests  for  barium  are  most  characteristic  ?  give  equations 
the  reactions.— Name  the  antidote  in  cases  of  poisoning  by  soluble  banv 
salts,  and  explain  its  action. 


CALCIUM. 

Symbol,  Ca.    Atomic  weight,  40. 

Calcium  compounds  form  a  large  proportion  of  the  crust 
of  our  earth.  Carbonate  of  calcium  is  met  with  as  chalk, 
marble,  limestone,  calc-spar,  etc. ;  the  sulphate  as  gypsum 
and  plaster  of  Paris  (Calcii  Sulphas,  B.P.,  "  native  sulphate 
of  calcium— CaS04>  2HgO— rendered  nearly  anhydrous  by 
heat")  and  alabaster;  the  silicate  in  many  minerals;  the 
fluoride  of  calcium  as  fluor-spar.  The  phosphate  is  also  a 
common  mineral.  The  element  itself  is  only  isolated  with 
great  difficulty.    The  atom  of  calcium  is  bivalent,  Ca  . 

Reactions  having  Synthetical  Interest. 
Chloride  of  Calcium. 
First  Synthetical  Reaction.— To  some  hydrochloric  acid 
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add  carbonate  of  calcium  (chalk,  or  the  purer  form,  white 
marble,  Marmor  Album,  B.P.)  (CaC03)  until  effervescence 
ceases ;  filter ;  solution  of  chloride  of  calcium  (CaCl2),  the 
most  common  soluble  salt  of  calcium,  is  formed. 

CaC03    +    2HC1    =    CaCl2    +    H20    +  C03 

Carbonate  of      Hydrochloric       Chloride  of  Water.  Carbonic 

calcium.  acid.  calcium.  acid  gas. 

This  solution  contains  carbonic  acid,  and  will  give  a  pre- 
cipitate of  carbonate  of  calcium  on  the  addition  of  lime-water. 
It  may  be  obtained  quite  neutral  by  well  boiling  before  filter- 
ing off  the  excess  of  marble.  It  is  a  serviceable  test-liquid 
in  analytical  operations. 

Solution  of  chloride  of  calcium  evaporated  to  a  syrupy 
consistence  yields  crystals  (CaCl2,  6H20).  These  are  ex- 
tremely deliquescent.  The  solution,  evaporated  to  dryness, 
and  the  white  residue  heated  to  about  200°  C,  gives  solid 
chloride  of  calcium  (CaCl2,  2H20)  in  a  porous  form.  The 
resulting  agglutinated  lumps  (Calcii  Chloridum}  B.P.)  are 
used  for  drying  gases  and  for  freeing  certain  liquids  from 
water.  The  salt  is  also  soluble  in  alcohol.  One  part  of  this 
dried  chloride  with  five  of  water  forms  the  "Solution  of 
Chloride  of  Calcium  "  {Liquor  Calcii  Chloridi,  B.P.). 

Mem. — The  practical  student  has  already  met  with  solution 
of  chloride  of  calcium  as  a  by-product  or  secondary  product 
in  the  preparation  of  carbonic  acid  gas. 

Marble  often  contains  ferrous  carbonate  (FeC03),  which  in 
the  above  process  becomes  converted  into  ferrous  chloride, 
rendering  the  chloride  of  calcium  impure  :— 

FeC03    +    2HC1    =    FeCl2    +    H20    +  C02 

Ferrous  Hydrochloric         Ferrous  Water.  Carbonic 

carbonate.  acid.  chloride.  acid  gas. 

If  absolutely  pure  chloride  of  calcium  be  required,  a  few 
drops  of  the  solution  should  be  poured  into  a  test-tube  or 
test-glass,  diluted  with  water,  and  examined  for  iron  (by 
adding  sulphydrate  of  ammonium,  which  gives  a  black  pre- 
cipitate with  salts  of  iron),  and,  if  the  latter  is  present, 
hypochlorite  of  calcium  (in  the  form  of  chlorinated  lime) 
and  slaked  lime  be  added  to  the  remaining  bulk  of  the  liquid, 
and  the  whole  boiled  for  a  few  minutes.    Iron  (as  ferric 
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hydrate)  is  thus  precipitated  ;  on  filtering,  a  pure  solution  of 
chloride  of  calcium  is  obtained  : — 

4FeCl0  +  Ca2C10  +  4CaH202  +  2H20  =  2(Fe26HO)  +  5CaCl2 

Ferrous"  Hypochlorite  Hydrate  of      Water.  Ferric  CWondB 

chloride,     of  calcium.      calcium.  hydrate.      ot  calcium. 

This  is  the  official  process,  and  may  be  imitated  on  the 
small  scale  after  adding  a  minute  piece  of  iron  to  a  fragment 
of  the  marble  before  dissolving  in  acid. 

The  names,  formula,  and  reactions  of  the  compounds  of 
iron  will  be  considered  later. 

Oxide  of  Calcium.    Quick  Lime. 

'  Second  Synthetical  Reaction.— Place  a  small  piece  of  chalk 
in  a  strong  grate-fire  or  furnace,  and  heat  until  a  trial  frag- 
ment, chipped  off  and  cooled,  no  longer  effervesces  on  the 
addition  of  acid ;  caustic  lime,  CaO  (Calx,  B.P.),  remains. 


CaCO,      -      CaO      +  CO 


Carbonate  of  Oxide  of  Carbonic 

calcium  (chalk).      calcium  (lime).        acid  gas. 

Note  — Etymologically  considered,  this  action  is  analytical 
(dVaAu'u.,  analuo,  I  resolve),  and  not  synthetical  (crwfocns, 
sunthesis,  a  putting  together) ;  but  conventionally  it  is  syn- 
thetical and  not  analytical ;  for  in  this,  the  usual  sense, 
synthesis  is  the  application  of  chemical  action  with  the  view 
of  producing  something;  analysis,  the  application  of  chemical 
action  with  the  view  of  finding  out  the  composition  of  a 
substance.  In  the  etymological  view  of  the  matter,  there  is 
scarcely  an  operation  performed,  either  by  the  analyst  or  by 
the  manufacturer,  but  includes  both  analysis  and  syntnesis- 
that  is,  includes  interchange  or  metathesis.        _  _ 

Lime-kilns. -On  a  large  scale  the  above  operation  is  carried 
on  in  what  are  termed  lime-kilns  (Kiln,  Saxon  cyln,  from 
cylene,  a  furnace). 

Hydrate  of  Calcium.    Slaked  Lime. 

Slaked  Lme.-When  cold,  add  to  the  lime  about  half  its 
weight  of  water,  and  notice  the  evolution  of  steam  and  other 
evidence  of  strong  action ;  the  product  is  dated  lime,  hydrate 
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of  calcium  (Ca2H0)  (Calcii  Hydras,  B.P.),  the  old  Hydrate 
of  Lime,  with  whatever  slight  natural  impurities  the  lime 
may  contain.  The  slaking  of  hard  or  "  stony  "  lime  may  be 
accelerated  by  using  hot  water. 

CaO      +      H20      =  Ca2H0 

Lime.  Water.  Hydrate  of  calcium. 

Lime-water. — Place  the  hydrate  of  calcium  (washed  with 
a  little  water  to  remove  traces  of  soluble  salts)  in  about  a 
hundred  times  its  weight  of  water ;  in  a  short  time  a  satur- 
ated solution,  known  as  lime-water  (Liquor  Calcis,  B.P.), 
results.  It  contains  about  13  grains  of  hydrate  of  calcium 
(Ca2H0),  equivalent  to  about  10  grains  of  lime  (CaO),  in  one 
pint  at  60°  F.    At  higher  temperatures  less  is  dissolved. 

Strong  Solution  of  Lime. — Slaked  lime  is  more  soluble  in 
aqueous  solution  of  glycerine  and  much  more  soluble  in 
aqueous  solution  of  sugar  than  in  pure  water.  The  Liquor 
Calcis  Saccharatus,  B.P.,  is  such  a  solution,  containing  2 
ounces  of  sugar,  and  188  grains  of  hydrate  of  calcium 
(Ca2H0),  equivalent  to  142  grains  of  lime  (CaO),  in  1  pint. 
It  is  a  more  efficient  precipitant  of  hydrates,  carbonates,  and 
phosphates  than  lime-water.  The  official  process  is  as 
follows : — Mix  1  ounce  of  lime  and  2  of  sugar  by  trituration 
in  a  mortar.  Transfer  the  mixture  to  a  bottle  containing  1 
pint  of  water,  and,  having  closed  this  with  a  cork,  shake  it 
occasionally  for  a  few  hours.  Finally  separate  the  clear 
solution  with  a  siphon,  avoiding  unnecessary  exposure  to  air, 
and  keep  it  in  a  well-stoppered  bottle, 

Solutions  of  hydrate  of  calcium  absorb  carbonic  acid  gas 
on  exposure  to  air,  a  semi-crystalline  precipitate  of  carbonate 
being  deposited.  When  the  saccharated  solution  is  heated, 
there  is  precipitated  a  compound  consisting  of  three  mole- 
cules of  lime  with  one  of  sugar.  When  it  is  freely  exposed 
to  air,  oxygen  is  absorbed,  and  the  solution  becomes  coloured . 

Carbonate  of  Calcium. 

Third  Synthetical  Reaction. — To  a  solution  of  chloride  of 
calcium  add  excess  of  carbonate  of  sodium,  or  about  5  parts 
gf  dry  chloride  to  13  of  carbonate  ;  a  white  precipitate  of 
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carbonate  of  calcium  [Galcii  Cavbonas  Prczcipxtata  B.P  the 
old  Precipitated  Carbonate  of  Lime)  (CaC03)  results.  If  the 
solutions  of  the  salts  be  made  hot  before  admixture,  and  the 
whole  be  set  aside  for  a  short  time,  the  particles  W*g** 
to  a  greater  extent  than  when  cold  water  is  »se*>an*  ^ 
product  is  finely  granular  or  slightly  crystalline.  The  official 
variety  is  thus  prepared. 


CaCl2 

Chloride  of 
calcium, 


+    Na2C03  = 

Carbonate  of 
Bodium. 


CaC03 


2NaCl 


.  '3  + 

Carbonate  of        Chloride  of 
calcium.  sodium. 


caicium.  =" — — ■ 

Collect  and  purify  this  Precipitated  Chalk  by  pouring ;  the 
mixture  into  a  paper  cone  supported  by  a  funnel  and,  when 
Z 'liquid  has  passed  through  the  filter,  pour  water  over  th 
precrpitate  three  or  four  times,  until  the  whole  of  the  chloride 
Tsodium  is  washed  away.  This  operation  is  termed^ vm Mng 
a  precipitate.  When  dried  by  aid  of  a  water-lath  (p.  122)  or 
other  means,  the  precipitate  is  fit  for  use. 

Fig  22. 


CONSTRUCTION  OF  PAPF.B  TILTEBS. 

Filtering  paper ,  or  6^/^^^££2^ 
simply  good.unsized  paper  .^f^J^X  gTod  quality. 

white  ^^^^^^^^Jleot  Fecipi- 
Students'  or  analysts  filteis  ™  wfticn  r  ee 

tates,  are  circular  pieces  («,  ^g  22)  of  th*  1»P* r 
to  six  inches  in  diameter,  twice  folde A  0.  ^  ofPfiiter 

out  so  as  to  form  a  hollow  cone  (d)     Square  pi  ^ 
mDer  are  rounded  by  scissors  after  twice  ioiqiu& 
^ported  by  a  glass  or  earthenware  funnel 

Filters  should  always  ^l^^^^Zat  being 
If  the  square  piece  of  paper  is  folded  and  usea 
so  cut  or  trimmed,  an  ugly  angu  ar  fi lie  re, fl**  tt^  q[ 
a^^fi  W  the  previous 
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reaction).  Moreover,  if  a  spirituous  or  other  volatile  fluid  is 
being  passed  through  such  an  angular  filter,  much  of  the 
liquid  will  also  be  wasted  by  evaporation  from  the  unneces- 
sarily large  surface  exposed. 

Paper  filters  of  large  size  are  apt  to  break  at  the  point  of 
the  cone.  This  may  be  prevented,  and  the  rate  of  filtration 
be  much  accelerated,  by  supporting  the  paper  cone  in  a  cone 
of  muslin. 


Fig.  23.  Fig.  24. 


washing-bottle.  washing- flask. 


Washing-bottle. — Precipitates  are  best  washed  by  a  fine  jet 
of  water  directed  on  to  the  different  parts  of  the  filter.  A 
common,  narrow-necked  bottle,  of  about  half-pint  capacity 
(fig.  23),  is  fitted  with  a  cork ;  two  holes  are  bored  through 
the  cork,  the  one  for  a  glass  tube  reaching  to  the  bottom  of 
the  bottle  within,  and  externally  bent  to  a  slightly  acute 
angle,  the  other  for  a  tube  bent  to  a  slightly  obtuse  angle, 
the  inner  arm  terminating  just  within  the  bottle.  The  outer 
arms  may  be  about  three  inches  in  length.  The  extremity 
of  the  outer  arm  continuous  with  the  longer  tube  should  be 
previously  drawn  out  to  a  fine  capillary  opening  by  holding 
the  original  tube  (before  bending)  in  a  flame,  and,  when  soft, 
slowly  pulling  the  halves  away  from  each  other  until  the 
heated  portion  is  reduced  to  the  thinness  of  a  knitting-needle. 
The  tube  is  now  cut  at  the  thin  part  by  a  file,  and  the  sharp 
edges  rounded  off  by  placing  in  a  flame  for  a  second  or  two. 
The  outer  extremity  of  the  shorter  tube  should  also  be  made 
smooth  in  the  flame.  The  apparatus  being  put  together,  and 
the  bottle  nearly  filled  with  water,  air  blown  through  the 
short  tube  by  the  lungs  forces  water  out  in  a  fine  stream  at 
the  capillary  orifice. 

For  a  hot-ioater  washing-flask  (fig.  24)  the  tubes  and  cork 
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are  fitted  to  a  flask  which  may  be  heated.  A  strip  of  thin 
leather  tied  round  the  neck  will  protect  the  fingers. 

Decantation.— Precipitates  may  also  be  washed  by  allow- 
ing them  to  settle,  pouring  off  the  supernatant  liquid  (fig.  25) 


Fig.  25. 


Fig.  27. 


DECANTATION. 


DECANTATION. 


SIPHON  IN  ACTION. 


agitating  with  water,  again  allowing  to  settle,  and  so  on. 
This  is  washing  by  decantation  (de,  from ;  canthus,  an  edge). 
If  a  stream  of  liquid  flowing  from  a  basin  or  other  vessel  ex- 
hibits any  tendency  to  run  down  the  outer  side  of  the  vessel, 
it  should  be  guided  by  a  glass  rod  placed  against  the  point 
whence  the  stream  emerges  (fig.  26).  > 

If  the  vessel  be  too  large  to  handle  with  convenience,  the 
wash-water  may  be  drawn  off  by  a  siphon,  as  shown  m 
miniature  in  fig.  27.  A  siphon  is  a  tube  of  glass,  metal, 
gutta-percha,  or  india-rubber,  bent  into  the  form  of  a  V  or 
U  filled  with  water  and  inverted.  One  end  is  immersed  in 
the  wash-water,  and  the  other  allowed  to  hang  over  the  side 
of  the  vessel.  So  long  as  the  outer  orifice  of  the  instrument 
is  below  the  level  of  any  liquid  in  the  vessel,  so  long  will 
that  liquid  flow  from  within  outwards  * 

*  The  nature  of  the  action  of  a  siphon  is  simple.  The  column  of  water 
in  the  outer  limb  is  longer,  and  therefore  heavier,  than  the  column  of 
similar  area  in  the  inner  limb.  (The  length  of  the  inner  limb  must  be 
reckoned  from  the  surface  of  the  liquid,  the  portion  below  he  surface 
nlavingnopartin  the  operation.)  Being  heavier,  t  naturally  falls  by 
Station,  the  liquid  in  the  shorter  limb  instantly  following  because 
messed Awards  by  the  air.  The  air,  be  it  observed,  exerts  a  sim.  ar 
amount  of  pressure  on  the  liquid  in  the  outer  limb  ;  in  short,  atmo- 
Xhc  pressure  causes  the  retention  of  liquid  in  the  instrument,  while 
gravitation  determines  the  direction  of  the  flow. 
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Prepared  carbonate  of  calcium  {Greta  Praiparata,  B.P.)  is 
merely  washed  chalk  (Creta,  B.P.)  or  whiting,  only  that  in 
pharmacy  fashion  demands  that  the  chalk  be  in  little  conical 
lumps,  about  the  size  of  thimbles,  instead  of  in  the  larger 
rolls  characteristic  of  "  whiting."  Wet  whiting  pushed, 
portion  by  portion,  through  a  funnel,  and  each  separately 
dried,  gives  the  conventional  Creta  Prmparata.  Its  powder 
is  amorphous. 

If  either  the  precipitated  or  the  prepared  carbonate  of 
calcium  contains  alumina,  magnesian  salts,  oxide  of  iron,  or 
phosphates,  its  solution  in  acid,  evaporated  and  re-dissolved 
in  water,  will  yield  a  precipitate  of  hydrates  or  phosphates 
on  the  addition  of  saccharated  solution  of  lime. 

Phosphate  of  Calcium. 

Fourth  Synthetical  Reaction.  —  Digest  bone-ash  (bones 
burnt  in  an  open  crucible  with  free  access  of  air  until  all 
animal  and  carbonaceous  matter  has  been  removed — impure 
phosphate  of  calcium — Os  Ustum,  B.P.)  with  twice  its 
weight  of  hydrochloric  acid  (diluted  with  four  times  its  bulk 
of  water)  in  a  test-tube  or  larger  vessel ;  the  phosphate  is 
dissolved. 

Ca32P04    +    4HC1    =    CaH42P04    +  2CaCl2 

Phosphate  of       Hydrochloric        Acid  phosphate  Chloride  of 

calcium  (impure).        acid.  of  calcium.  calcium. 

Dilute  with  water,  boil,  filter,  and,  when  cold,  add  excess 
of  solution  of  ammonia ;  the  phosphate  of  calcium,  now 
practically  pure  (Calcii  Phosphas,  B.P.),  the  old  Phosphate 
of  Lime,  is  reprecipitated  as  a  light  white  amorphous  powder. 
After  well  washing,  the  precipitate  should  be  dried  over  a 
xoater-bath  (see  next  page),  or  at  a  temperature  not  exceeding 
212°  F.,  to  prevent  undue  aggregation  of  the  particles. 

CaH,2P04  +  2CaCl2  +  4NILHO  =  Ca32P04  +  4NELC1  +  4H20 

Acid  phosphate   Chloride      Ammonia.      Phosphate  of     Chloride  of  Water, 
ot  calcium,    of  calcium.  calcium  (pure),  ammonium. 

Bone-ash  or  bone-earth  contains  small  quantities  of  car- 
bonate and  sulphide  of  calcium.  These  are  decomposed  in 
the  above  process  by  the  acid,  chloride  of  calcium  being 
formed ;  on  boiling  the  mixture,  carbonic  acid  gas  and  sul- 
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phuretted  hydrogen  gas  are  evolved.  Any  carbonaceous  or 
siliceous  matter,  etc.,  is  removed  by  nitration.  In  bones  the 
phosphate  of  calcium  is  always  accompanied  by  a  small 
quantity  of  an  allied  substance,  phosphate  of  magnesium  :  a 
trace  of  fluoride  of  calcium  (CaF2)  is  also  present. 

A  Water-bath  for  the  evaporation  of  liquids  or  for  drying 
moist  solids  at  temperatures  below  212°  F.,  is  an  iron,  tin,  or 
earthenware  pan,  the  mouth  of  which  can  be  narrowed  by 
iron  or  tin  diaphragms  of  various  sizes,  and  having  orifices 
adapted  to  the  diameters  of  basins  or  plates.  (See  fig.  16, 
p.  73.)  In  the  British  Pharmacopoeia,  "  when  a  water-bath 
is  directed  to  be  used,  it  is  to  be  understood  that  this  term 
refers  to  an  apparatus  by  means  of  which  water  or  its  vapour, 
at  a  temperature  not  exceeding  212°,  is  applied  to  the  outer 
surface  of  a  vessel  containing  the  substance  to  be  heated, 
which  substance  may  thus  be  subjected  to  a  heat  near  to, 
but  necessarily  below,  that  of  212°.  In  the  steam-bath,  the 
vapour  of  water  at  a  temperature  above  212°,  but  not  ex- 
ceeding 230°,  is  similarly  applied."  Evaporation  in  vacuo 
is  performed  by  simply  placing  the  vessel  of  liquid  over  or 
by  the  side  of  a  small  reservoir  of  strong  sulphuric^  acid,  or 
other  absorbent  of  moisture,  on  the  plate  of  an  air-pump, 
covering  with  a  capacious  glass  hood  or  "receiver,"  and 
exhausting. 

Bone-black,  or  Animal  Charcoal  (Carbo  Animates,  B.P.), 
is  the  residue  obtained  on  subjecting  dried  bones  to  a  red 
heat  without  access  of  air.  It  is  a  mixture  of  about  9  parts 
of  mineral  matter  with  1  of  carbonaceous  matter.  The 
operation  may  be  imitated  by  heating  a  few  fragments  of 
bone  in  a  covered  porcelain  crucible  in  a  fume  chamber  until 
smoke  and  vapour  cease  to  be  evolved.  Purified  Animal 
Charcoal  (Carbo  Animates  Purificatus,  B.P.)  may  be  obtained 
as  follows  :— Boil  powdered  animal  charcoal  with  a  mixture 
of  twice  its  weight  of  hydrochloric  acid,  and  twice  its  weight 
of  water  ;  filter  ;  again  boil  the  drained  residue  with  half  the 
amount  of  such  diluted  acid  as  was  previously  employed ; 
again  filter ;  wash  the  residual  charcoal  with  distilled  water 
until  the  washings  give  little  or  no  turbidity  with  solution 
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of  nitrate  of  silver ;  dry  the  product  in  a  warm  place.  It 
should  not  yield  more  than  10  per  cent,  of  moisture  when 
dried  at  a  high  temperature,  nor  more  than  15  per  cent,  of  ash 
when  thoroughly  incinerated.  Thirty  grains  well  shaken 
with  15  ounces  of  distilled  water  containing  0-005  per  cent, 
of  ordinary  commercial  caramel  should  remove  at  least  four- 
fifths  of  the  colour  from  the  fluid.  (Hodgkin.) 

Wood  Charcoal  {Carbo  Ligni,  B.P.)  is  wood  similarly 
ignited  without  access  of  air.  On  incineration  it  yields 
about  two  per  cent,  of  ash. 

Decolorizing  power  of  Animal  Charcoal.—  Animal  char- 
coal, in  small  fragments,  is  the  material  employed  in  de- 
colorizing solutions  of  common  brown  sugar,  with  the  view 
of  producing  white  lump  sugar.  Its  power,  and  the  nearly 
equal  power  of  an  equivalent  quantity  of  the  purified  variety, 
may  be  demonstrated  on  solution  of  litmus  or  logwood. 

Phosphate  of  Sodium—  Phosphate  of  calcium  is  converted 
into  phosphate  of  sodium  (Sodii  Phosphas,  B.P.,  the  old 
Phosphate  of  Soda)  (Na2HP04,  12H20)as  follows  :— Mix,  in  a 
mortar,  3  ounces  of  ground  bone-earth  with  1  fluid  ounce  of 
sulphuric  acid ;  set  aside  for  twenty-four  hours  to  promote 
reaction  ;  mix  in  about  3  ounces  of  water,  and  put  in  a  warm 
place  for  two  days,  a  little  water  being  added  to  make  up 
for  that  lost  by  evaporation  ;  stir  in  another  3  ounces  of 
water,  warm  the  whole  for  a  short  time,  filter,  and  wash  the 
residual  sulphate  of  calcium  on  the  filter  to  remove  adhering 
acid  phosphate  of  calcium;  concentrate  the  filtrate  (the 
liquid  portion),  which  is  a  solution  of  acid  phosphate  of 
calcium,  to  about  3  ounces,  filter  again  if  necessary,  add 
solution  of  (about  ±\  ounces  of  crystals  of)  carbonate  of 
sodium  to  the  hot  filtrate  until  a  precipitate  (a  phosphate  of 
calcium,  CaHPO.t)  ceases  to  form,  and  the  fluid  is  faintly 
alkaline  ;  filter,  evaporate,  and  set  aside  to  crystallize. 

Phosphate  of  sodium  occurs  "in  transparent,  colourless, 
rhombic  prisms,  terminated  by  four  converging  planes; 
efflorescent,  tasting  like  common  salt."  One  part^in  ten  of 
water  constitutes  "  Solution  of  Phosphate  of  Sodium,"  B.P. 
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The  following  equations  show  the  two  decompositions  which 
occur  during  the  operations : — 

Ca32P04    +    2H2S04    =    CaH42P04    +  2CaS04 

Phosphate  Sulphuric  Acid  phosphate  Sulphate  of 

of  calcium.  acid.  of  calcium.  calcium. 

CaH42P04  +  Na2C03  =  Na2HP04  +  H20  +  C02  +  CaHP04 

Acid  phosphate  Carbonate    Phosphate  of  Water.  Carbonic  Monocalcic 
of  calcium.        of  sodium.         sodium.  acid  gas.  phosphate. 

Ordinary  phosphate  of  sodium  (Na2HP04,  12H20)  efflor- 
esces rapidly  in  the  air  until  nearly  half  its  water  has 
escaped,  when  it  has  a  permanent  composition  represented 
by  the  formula  Na2HP04,7H20.  Phosphate  of  sodium  has 
an  alkaline  reaction.  Neutralization  by  acid  results  in  the 
removal  of  half  its  sodium  and  formation  of  the  salt  NaH2P04, 
H20. 

Hypochlorite  of  Calcium. 

Fifth  Synthetical  Reaction—  Pass  chlorine,  generated  as 
already  described,  into  damped  slaked  lime  contained  in  a 
piece  of  wide  tubing,  open  at  the  opposite  end  to  that  m 
which  the  delivery-tube  is  fixed.  (A  test-tube,  the  bottom 
of  which  has  been  accidentally  broken,  is  very  convenient  for 
such  operations.)  The  product  is  ordinary  bleaching-poicdcr, 
a  compound  of  hypochlorite  and  chloride  of  calcium,  com- 
monly called  chloride  of  lime,  the  Calx  Chlorinata  of  the 
British  Pharmacopoeia. 

MnOa    +    4HC1    =    MnCl2    +    2H20    +  CI, 

Black  oxide      Hydrochloric        Chloride  of  Water.  Chlorine, 

of  manganese.  acid.  manganese.  chlorinated  lime. 

2CaH202    +    2C12   =    2H20     +     CaCl202,  CaCl2 

Hydrate  of         Chlorine.  Water.  S?ofS. 


Chlorinated  lime  exposed  to  air  and  moisture,  as  in  disin- 
fecting the  atmosphere  of  sick-rooms,  slowly  yields  hypo- 
chlorous  acid  (HCIO).  Free  hypochlorous  acid  soon  breaks 
up  into  water,  chloric  acid  (HC103),  and  free  chlorine. 
Chloric  acid  is  also  unstable,  decomposing  into  oxygen 
chlorine,  water,  and  perchloric  acid  (HC104).   The  small 
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quantity  of  hypochlorous  acid  diffused  through  an  apartment 
when  bleaching-powder  is  exposed  thus  yields  fourteen- 
fifteenths  of  its  chlorine  in  the  form  of  chlorine  gas — one  of 
the  most  efficient  of  known  disinfectants. 

Constitution  of  bleaching-powder. — Treated  with  alcohol, 
bleaching-powder  does  not  yield  its  chloride  of  calcium  to 
the  solvent;  hence  the  powder  is  not  a  mere  mixture  of 
chloride  and  hypochlorite  of  calcium :  water,  also,  does  not 
dissolve  out  first  one  salt  and  then  the  other,  but  both  to- 
gether, in  the  molecular  proportions  of  the  above  formula. 
On  the  other  hand,  when  the  aqueous  solution  is  cooled,  or 
evaporated  in  vacuo,  crystals  are  obtained  which  Kingzett 
has  shown  to  be  nearly  pure  hypochlorite  of  calcium,  the 
solutioncontaining  chloride  of  calcium.  While  the  former 
fact  indicates  that  the  powder  is  a  compound,  and  not  a  mere 
mixture,  the  latter  indicates  that  it  is  a  feeble  compound— 
an  adhesion  of  molecules  of  hypochlorite  and  chloride,  as 
shown  in  the  equation,  rather  than  any  more  intimate  or 
closer  combinations  of  atoms.  If  it  be  regarded  as  a  single 
rather  than  a  double  salt,  then  the  following  formula  may 


Bleaching-liquor.— Digest  chlorinated  lime  in  water,  in 
which  the  bleaching  compound  is  soluble,  filter  from  un- 
dissolved lime,  etc.,  and  test  the  bleaching  powers  of  the 
clear  liquid  by  adding  a  few  drops  to  a  decoction  of  logwood 
slightly  acidulated.     One  pound  of  this  bleaching-powder, 

I  shaken  several  times  during  three  hours  with  1  gallon  of 
water,  forms  the  official  Solution  of  Chlorinated  Lime  (Liquor 

1  Calcis  Chlorinatcp,,  B.P.). 

Sixth  Synthetical  Reaction.— Mix  a  little  powdered  wood 
charcoal  with  three  or  four  times  its  weight  of  plaster  of 
i  Pans,  and  heat  to  redness  in  a  crucible.  Some  of  the  sul- 
phate is  reduced  to  sulphide  of  calcium  (CaS)  with  produc- 
tion of  carbonic  acid  and  carbonic  oxide  gases.  If  the  pro- 
duct contains  not  less  than  fifty  per  cent,  of  sulphide  of 
calcium  and  no  carbon,  it  is  the  official  Sulphurated  Lime 
(Calx  Sulphitrata,  B.P.). 


be  employed,  CaOCl2,  or  Ca 
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Official  test  of  strength. — "  If  eight  grains  be  added  to  a 
cold  solution  of  fourteen  grains  of  sulphate  of  copper  in  an 
ounce  of  water,  a  little  hydrochloric  acid  be  added,  and  the 
mixture  be  then  well  stirred  and  heated  to  a  temperature 
approaching  that  of  ebullition  until  all  action  has  ceased, 
the  filtered  liquid  should  give  no  red  colour  with  ferrocyanide 
of  potassium." 

The  explanation  of  the  mode  of  action  of  this  test  is  as 
follows  :i-Sulphate  of  copper  and  sulphide  of  calcium,  in  the 
presence  of  the  acid,  react  on  each  other,  giving  insoluble 
sulphide  of  copper  and  sulphate  of  calcium,  thus : — 

CuS04,  5H20  +  CaS  =  CuS  +  CaS04)  2H20  +  3H20. 

On  adding  up  the  atomic  weights  of  the  constituent 
elements  of  crystallized  sulphate  of  copper,  249'5  will  be 
found  to  be  the  molecular  weight ;  while  CaS  will  similarly 
represent  72  parts.  As  249-5  are  to  72,  so  are  14  to  4.  But 
only  half  of  the  sulphurated  lime  is  sulphide  of  calcium; 
therefore  8  grains  of  such  sulphurated  lime  will  react  with 
14  of  sulphate  of  copper.  If  the  8  grains  are  below  the 
stated  strength,  then  they  will  not  attack  14  grains  of  the 
copper  salt,  and,  in  that  case,  ferrocyanide  of  potassium  will 
reveal  copper  in  the  filtered  liquid. 

Grummate  of  Calcium. 

Gummate  of  Calcium  is  the  only  official  calcium  salt  that 
remains  to  be  noticed.  This  compound  is,  in  short,  arabin, 
the  ordinary  Gum- Acacia  or  Gum- Arabic  (Acaciai  Gumnu\ 
B.P.),  a  substance  too  well  known  to  need  description.  A 
solution  of  gum-arabic  in  water  (Mucilago  Acacia*,  B.P.) 
yields  a  white  precipitate  of  oxalate  of  calcium  on  the  addi- 
tion of  solution  of  oxalate  of  ammonium.  Or  a  piece  of  gum 
burnt  to  an  ash  in  a  porcelain  crucible  yields  a  calcareous 
residue,  which,  dissolved  in  dilute  acids,  affords  characteristic 
reactions  with  any  of  the  following  analytical  reagents  for 
calcium.  In  some  specimens  of  gum-arabic  a  portion  of  the 
calcium  is  displaced  by  an  equivalent  quantity  of  potassium 
or  magnesium.    The  gummic  or  arabic  radical  may  be  pre- 
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cipitated  as  opaque  gelatinous  gummate  of  lead  by  the 
addition  of  solution  of  oxyacetate  of  lead  {Liquor  Plumbi 
Subacetatis,  B.P.)  to  an  aqueous  solution  of  gum.  These 
statements  should  be  experimentally  verified. 

Tvagacanth  (Tragacantha,  B.P.)  is  a  mixture  of  soluble 
arabinoid  gum  and  a  variety  of  calcium  gum  insoluble  in 
water,  termed  bassorin.  With  water,  a  gelatinous  mucilage 
is  formed  (Mucilago  Tragacanthce,  B.P.). 

Beactions  having  Analytical  Interest  (Tests). 

First  Analytical  Reaction. —  Add  sulphuric  acid,  very 
highly  diluted,  to  a  calcium  solution  contained  in  a  test-tube 
or  small  test-glass;  sulphate  of  calcium  (CaS04,  2H20)  is 
formed,  but  is  not  precipitated,  it  being,  unlike  sulphate  of 
barium,  slightly  soluble  in  water. 

Solution  of  Sulphate  of  Calcium—  A  quarter  of  an  ounce 
of  that  (dried)  form  of  sulphate  of  calcium  known  as  plaster 
of  Paris  (CaS04)  digested  in  one  pint  of  water  for  a  short 
time,  with  occasional  shaking,  and  the  mixture  filtered, 
yields  the  official  test-liquid  termed  "  Solution  of  Sulphate 
of  Calcium,"  B.P.  About  400  parts  of  the  solution  contain 
1  of  sulphate  of  calcium. 

Second  Analytical  Reaction.— Add  yellow  chromate  of 
1  potassium  (K2Cr04)  or  other  neutral  chromate  (KNH4Cr04)  to 
a  calcium  solution  slightly  acidified  with  acetic  acid ;  chro- 
i  mate  of  calcium  (CaCr04)  may  be  formed,  but  is  not  preci- 
pitated.   Barium  is  precipitated  by  the  chromate. 

These  two  negative  reactions  are  most  valuable  in  analysis, 
as  every  precipitant  of  calcium  is  also  a  precipitant  of  barium ; 

the  above  two  reagents  are  precipitants  of  barium  only. 
>  f*-ence,  calcium,  which  when  alone  can  be  readily  detected 
by  the  following  reactions,  cannot  by  any  reaction  be  detected 
m  the  presence  of  barium.    But  by  the  sulphuric  or  chromic 
•  test,  barium  is  easily  removed,  and  then  either  of  the  follow- 
ing reagents  will  throw  down  the  calcium. 
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Other  Analytical  Reactions. — Add  carbonate  of  ammonium, 
phosphate  of  sodium,  arseniate  of  ammonium,  and  oxalate 
of  ammonium  to  calcium  solutions,  as  described  under  the 
analytical  reactions  of  barium,  and  write  out  descriptive 
equations.  The  precipitates  correspond  in  appearance  to 
those  of  barium ;  their  constitution  is  also  similar,  hence 
their  correct  formulge  can  easily  be  deduced.  Of  these  pre- 
cipitants,  oxalate  of  ammonium  is  that  most  commonly  used 
as  a  reagent  for  calcium  salts,  barium  being  absent.  The 
oxalate  of  calcium  is  insoluble  in  acetic,  but  soluble  in 
hydrochloric  or  nitric  acids.  Calcium  compounds  impart  a 
reddish  colour  to  flame. 


QUESTIONS  AND  EXEECISES. 

Enumerate  some  of  the  common  natural  compounds  of  calcium. — 
Explain,  by  an  equation,  the  action  of  hydrochloric  acid  on  marble. 
What  official  compound  results  ?— Why  is  chloride  of  calcium  used  as  a 
desiccator  for  gases?— How  would  you  purify  Chloride  of  Calcium 
which  has  been  made  from  ferruginous  marble  ?  Give  diagrams.— Write 
a  few  lines  on  the  chemistry  of  the  lime-kiln.— In  what  sense  is  the  con- 
version of  chalk  into  lime  an  analytical  action?— What  occurs  when 
lime  is  "slaked"?— To  what  extent  is  lime  soluble  in  water  {Liquor 
Calcis,  B.P.)  ?  to  what  in  Syrup  (Liquor  Calcii  Saccharatus,  B.P.)  ?— 
Describe  the  preparation  of  the  official  Precipitated  Carbonate  of  Cal- 
cium (Calcii  Carbonas  Pracipitata,  B.P.) ;  in  what  does  it  differ  from 
Prepared  Chalk  (Creta  Praparata,  B.P.)  ?— In  what  does  filtering-paper 
differ  from  other  kinds  of  paper?— Explain  the  construction  of  a  "  wash- 
ing-bottle "  for  cleansing  precipitates  by  water.— Define  decantatum. 
—Describe  the  construction  and  manner  of  employment  of  a  siphon.— 
Explain  the  mode  of  action  of  a  siphon.— State  the  difference  between 
Os  Ustum&nd  Calcii  Phosphas.—  How  is  "  bone-earth  "  purified  for  use 
in  medicine?— Explain  the  action  of  hydrochloric  acid  on  animal  char- 
coal in  the  processes  of  purification.— What  is  the  chemical  difference 
between  Carbo  Animalis,  B.P.,  and  Carbo  Ligni,  B.P.  ?-Give  equations 
showing  the  conversion  of  Phosphate  of  Calcium  into  Phosphate  of 
Sodium.— Write  a  short  article  on  the  manufacture,  composition,  and 
uses  of  "bleaching-powder  "  (Calx  Chlorinata,  B.P.).— How  may  calcium 
be  detected  in  Gum-Arabic  ?— State  the  chemical  nature  of  Tragacanth. 
—To  what  extent  is  sulphate  of  calcium  soluble  in  water?— Can  calcium 
be  detected  in  a  solution  containing  barium  ?—  Barium  being  absent, 
what  reagents  may  be  used  for  the  detection  of  calcium  ?  Which  is  the 
chief  test? 
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MAGNESIUM. 

Symbol,  Mg.    Atomic  weight,  24. 

Source. — Magnesium  is  abundant  in  nature  as  magnesian 
or  mountain  limestone,  termed  dolomite  (after  Dolomieu,  a 
geologist),  a  double  carbonate  of  magnesium  and  calcium  in 
very  common  use  as  a  building-stone  (e.g.  the  Houses  of 
Parliament  and  the  School  of  Mines,  in  London),  and  mag- 
nesite,  a  tolerably  pure  carbonate  of  magnesium,  though  too 
' "  stony "  for  direct  use  in  medicine,  even  if  very  finely 
powdered.     Chloride  of  magnesium  and  sulphate  of  mag- 
:  nesium  (Epsom  salt)  also  occur  in  sea-water  and  the  water  of 
many  springs.    A  monohydrous  sulphate   (MgS04,  H20), 
termed  kieserite,  occurs  near  Stassfurt,  in  Prussia.  Metal- 
1  lie  magnesium  may  be  obtained  from  the  chloride  by  the 
I  action  of  sodium.    It  burns  readily  in  the  air,  emitting  a 
i  dazzling  light  due  to  the  white  heat  to  which  the  resulting 
particles  of  magnesia  (MgO)  are  exposed.    The  chloride 
I employed  as  a  source  of  the  metal  is  obtained  by  dissolving 
tthe  carbonate  in  hydrochloric  acid,  adding  some  chloride  of 
sammonium,  evaporating  to  dryness,  heating  the  residue  in  a 
deep  vessel  (on  the  small  scale,  a  large  test-tube  or  flask) 
i  until  _  the  chloride  of  ammonium  is  all  volatilized,  and  the 
cchloride  of  magnesium  remains  as  a  clear  fused  liquid.  The 
latter  is  poured  on  to  a  clean  earthenware  slab.    The  chlo- 
rride  of  ammonium  prevents  reaction  between  chloride  of 
nmagnesium  and  water  in  the  last  stages  of  the  operation, 
aand  consequent  formation  of  oxide  (or  oxychloride)  of  mag- 
unesium  and  hydrochloric  acid  gas. 

Quantivalence. — The  atom  of  magnesium  is  bivalent, 
)Mg". 

Reactions  having  Synthetical  Interest. 
Sulphate  of  Magnesium. 

First  Synthetical  Reaction.— To  a  few  drops  of  sulphuric 
acid  and  a  little  water  in  a  test-tube,  made  hot  (or  to  larger 
[quantities  in  larger  vessels),  add  powdered  native  carbonate 
bf  magnesium,  magnesite,  MgC03,  until  effervescence  ceases, 
■  ubsequently  boiling  to  aid  in  the  expulsion  of  the  carbonic 
icid  gas.    The  filtered  liquid  is  a  solution  of  sulphate  of 
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magnesium  (MgS04),  crystals  of  which,  Epsom  salt  (MgS04, 
7H20)  (Magnesii  Sulphas,  B.P.,  the  old  Sulphate  of  Mag- 
nesia) may  be  obtained  on  evaporating  most  of  the  water, 
and  setting  the  concentrated  solution  aside  to  cool.  This  is 
an  ordinary  manufacturing  process.  Instead  of  magnesite 
dolomite,  the  common  magnesian  limestone  (carbonate  of 
magnesium  and  of  calcium — CaC03,  MgC03),  may  be  em- 
ployed, any  iron  being  removed  by  evaporating  the  solution 
(filtered  from  the  sulphate  of  calcium  produced)  to  dryness, 
gently  igniting  to  decompose  sulphate  of  iron,  dissolving  in 
water,  filtering  from  oxide  of  iron,  and  crystallizing.  (If 
neither  mineral  be  at  hand,  the.  practical  student  may  use  a 
little  of  the  ordinary  manufactured  carbonate  of  pharmacy ; 
for  the  chemical  action  is  almost  identical,  and  it  is  the 
chemistry,  and  not,  just  now,  the  commercial  economy  of  the 
matter,  that  he  is  studying.  The  manufacturer  must,  of 
course,  commence  with  one  of  the  above  mineral  carbonates 
furnished  by  Nature,  from  that  make  his  sulphate,  and  from 
the  latter,  as  will  be  seen  directly,  make  the  pure  pulveru- 
lent carbonate  of  pharmacy.) 

MgC03    +    H2S04    =    MgS04    +    H20    +  C02 

"  Magnesite."  Sulphuric  Sulphate  of  Water.  Carbonic 

acid.  magnesium.  acid  gas. 

Sulphate  of  magnesium  readily  crystallizes  in  large, 
colourless,  transparent,  rhombic  prisms  ;  but,  from  concen- 
trated solutions,  the  crystals  are  deposited  in  short,  thin 
needles,  a  form  more  convenient  for  manipulation,  solution, 
and  general  use  in  medicine. 

Iron  may  be  detected  in  sulphate  of  magnesium  by  adding 
the  common  alkaline  solution  of  chlorinated  lime  or  chlorin- 
ated soda  to  some  aqueous  solution  of  the  salt ;  brown  hy- 
drate of  iron  (Fe26HO)  is  then  precipitated.  Sulphydrate 
of  ammonium  will  also  give  a  black  precipitate  if  iron  be 
present. 

Effervescent  Sulphate  of  Magnesium  (Magnesii  Sulphas 
Effervescens,  B.P.)  is  sulphate  of  magnesium  out  of  which 
'  nearly  half  its  water  of  crystallization  has  been  dried,  and 
then  mixed  with  citric  and  tartaric  acids  and  sugar. 
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Carbonates  of  Magnesium. 

Second  Synthetical  Reaction. — To  solution  of  sulphate  of 
i  magnesium,  add  solution  of  carbonate  of  sodium,  and  boil  ; 
:tbe  resulting  precipitate  is  light  carbonate  of  magnesium 

(Magnesii  Carbonas  Levis,  B.P.),  the  old  Light  Carbonate  of 
!  Magnesia,  a  white,  partly  amorphous,  partly  minutely  crys- 
talline mixture  of  carbonate  and  hydrate  of  magnesium 

(3MgC03,  Mg2HO,  4H20).  A  denser,  slightly  granular  pre- 
cipitate of  similar  chemical  composition  (Magnesii  Carbonas 
IPonderosa,  B.P.),  the  old  Heavy  Carbonate  of  Magnesia,  is 
-obtained  on  mixing  strong  solutions  of  the  above  salts, 
^evaporating  to  dryness,  then  removing  the  sulphate  of 
>sodium  by  digesting  the  residue  in  hot  water,  filtering, 
■washing,  and  drying  the  precipitate. 

!MgS04  +  4Na2C03  +  H20  =  3MgC03,  Mg2H0  +  4Na2S04  +  C02 

sulphate  of  Carbonate  Water.  Official  Carbonate  of  Sulphate  Carbonic 
magnesium,   of  sodium.  magnesium.  of  sodium,  acid  gas. 

The  official  proportions  for  the  light  carbonate  are  10  of 
-sulphate  of  magnesium  and  12  of  crystals  of  carbonate  of 
•sodium,  each  dissolved  in  80  of  cold  water,  the  solutions 
mixed,  boiled  for  15  minutes,  the  precipitate  collected  on  a 
-filter,  well  washed,  drained,  and  dried  over  a  water-bath. 
IThe  heavier  carbonate  is  made  with  the  same  proportions  of 
•3alts,  each  dissolved  in  20  instead  of  80  of  water,  the  mix- 
ture evaporated  quite  to  dryness,  and  the  residue  washed 

by  decantation  or  filtration  until  all  sulphate  of  sodium  is 
■-removed  (shown  by  a  white  precipitate— sulphate  of  barium 
—ceasing  to  form  on  the  addition  of  solution  of  chloride  or 

utrate  of  barium  to  a  little  of  the  filtrate). 
Another  (Pattinson's)  Process.— Considerable  quantities  of 

carbonate  of  magnesium  are  now  prepared  by  treating  dolo- 
mite (p.  129)  with  carbonic  acid  gas  under  pressure.    Of  the 

wo  carbonates,  that  of  magnesium  is  dissolved  first,  and  is 

irecipitated  from  the  clear  liquid  by  the  heat  of  a  current 

'i  steam.    (See  next  reaction.) 

Third  Synthetical  Reaction.— P 'ass  carbonic  acid  gas, 
generated  as  described  on  page  74,  into  a  mixture  of  water- 
ed carbonate   of   magnesium  contained   in   a  test-tube. 
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After  some  time,  separate  any  undissolved  carbonate  by  fil- 
tration ;  the  filtrate  contains  normal  carbonate  of  magnesium 
(MgC03,  3H20)  dissolved  in  carbonic  acid.  When  of  a 
strength  of  about  10  grains  of  official  carbonate  in  one 
ounce,  such  a  solution  constitutes  "Fluid  Magnesia" 
(Liquor  Magnesii  Carbonatis,  B.P.).  It  is  possible  to  obtain 
a  strength  of  about  3  per  cent,  at  about  55°  F.,  which  is 
reduced  to  2|  per  cent,  at  70°  and  to  about  2  per  cent,  at  80°. 

Officially  1  pint  is  directed  to  be  made  from  freshly  pre- 
pared carbonate.  The  latter  is  obtained  by  adding  a  hot 
solution  of  2  ounces  of  sulphate  of  magnesium  m  half-a-pmt 
of  water  to  one  of  2|  ounces  of  crystals  of  carbonate  of 
sodium  in  another  half-pint  of  water,  boiling  the  mixture 
for  a  short  time  (to  complete  decomposition),  filtering, 
thoroughly  washing  the  precipitate,  placing  the  latter  in 
1  t)int  of  distilled  water,  and  transmitting  carbonic  acid  gas 
though  the  liquid  (say,  at  the  rate  of  three  or  four  bubbles 
ner  second)  for  an  hour  or  two,  then  leaving  the  solution  in 
contact  with  the  gas  under  pressure  of  about  three  atmo- 
spheres for  twenty-four  hours,  and,  finally,  filtering  from 
undissolved  carbonate;  then,  after  passing  m  a  little  more 
IZ T  keeping  in  a  well-corked  bottle.  Slight  pressure  is 
fe  t  prodPucegd  by  placing  the  carbonate  and  water  in  a  bottle 
fitted  with  a  cork  and  tubes  as  for  a  wash-bottle  (p.  lUo), 
conveying  the  gas  by  the  tube  which  reaches  to  the  bottom 
Td  allowing  excess"  of  gas  to  flow  out  by  the  upper  tube 
the  external  end  of  which  is  continued  to  the  bottom  of  a 
common  phial  containing  about  an  inch  of  mercury.  The 

US ^corresponds  tl  about  half-a-pound  pressure  on  every 

90Jreinchof t-^tm^?Kt"rlnate  of  mag- 

Heat  a  portion  ot  tue  soiuuim  mu> 
™dnm  containing  combined  water  (MgCO.,,  3H20)  is  pre 
nesmm  contain!  compound  is  probably  in  the 

these  very  common  hydrous  compounds. 
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Exposed  to  cold,  the  solution  of  "  fluid  magnesia  "  some- 
times affords  large  thick  crystals  (MgC03,  5H20),  which,  in 
econtact  with  the  air,  lose  water,  become  opaque,  and  then 
hhave  the  composition  of  those  deposited  by  evaporation 
^MgC03,  3H80). 

It  is  difficult  to  understand  the  constitution  of  the  official 
csarbonate.  It  is  probably  a  single  molecule,  of  the  constitu- 
tion of  which  we  are  at  present  ignorant. 

Oxide  of  Magnesium.  Magnesia. 

Fourth  Synthetical  Reaction. — Heat  light  dry  carbonate 
:i)f  magnesium  in  a  porcelain  crucible  over  a  lamp  (or  in  a 
aarger  earthen  crucible  in  a  furnace)  till  it  ceases  to  effer- 
tvesce  on  adding  water  and  acid  to  a  small  portion ;  the 
residue  is  light  magnesia  (MgO)  {Magnesia  Levis,  B.P.). 
TPhe  same  operation  on  the  heavy  carbonate  yields  heavy 
amagnesia  (MgO)  {Magnesia  Ponderosa,  B.P.).  Both  are 
wometimes  spoken  of  as  "  calcined  magnesia."  A  given 
weight  of  the  official  light  magnesia  occupies  three  and  a 
ualf  times  the  bulk  of  the  same  weight  of  heavy  magnesia. 

3MgC03,  Mg2HO    =    4MgO    +    H20    +  3C02 

Official  Carbonate  of  Oxide  of  Water.  Carbonic 

magnesium.  magnesium.  acid  gas. 

A  trace  only  of  magnesia  is  dissolved  by  water.  Moisten 
grain  or  two  of  magnesia  with  water,  and  place  the  paste 
on  a  piece  of  red  litmus-paper ;  the  wet  spot,  after  a  time, 
becomes  blue,  showing  that  the  magnesia  is  slightly  soluble. 

"Effervescing  Citrate  of  Magnesia,"  so-called,  is  generally 
mixture  of  bicarbonate  of  sodium,  citric  acid,  tartaric 
■  cid,  sugar,  either  carbonate  or  sulphate  of  magnesium,  or 
oth,  and  flavouring  essences.  True  citrate  of  magnesium  is 
asily  made  by  combining  together  calcined  magnesia  and 
"itrio  acid;  it  is  frequently  prescribed  in  France  in  doses  of 
wo  ounces. 

_  The  official  Effervescing  "  Solution  of  Citrate  of  Magne- 
ium  "  {Liquor  Magnesii  Citratis,  B.P.)  is  made  by  dissolv- 
"  ag  carbonate  of  magnesium  in  slight  excess  of  solution  of 
itric  acid,  adding  lemon-syrup,  placing  the  diluted  liquid  in 
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of  potassium,  corking  at  once,  "wiring,"  and  shaking  till  the 
crystals  are  dissolved. 

The  formula  of  citrate  of  magnesium  deposited  from  solu- 
tion is  Mg32C6H507,  14H20. 

Reactions  having  Analytical  Interest  (Tests). 

First  Analytical  Reaction. — Add  solution  of  hydrate  or 
carbonate  of  ammonium  to  a  magnesium  solution  (sulphate, 
for  example),  and  warm  the  mixture  in  a  test-tube;  the  preci- 
pitation of  part  only  of  the  magnesium  as  (hydrate,  Mg2H0, 
or  carbonate,  MgC03)  occurs.  Add  now  to  a  small  portion 
of  the  mixture  of  precipitate  and  liquid  a  considerable  excess 
of  solution  of  chloride  of  ammonium ;  the  precipitate  is 
dissolved. 

This  is  an  important  reaction,  especially  as  regards  car- 
bonate of  magnesium,  the  presence  of  chloride  of  ammonium 
enabling  the  analyst  to  throw  out  from  a  solution  barium 
and  calcium  by  an  alkaline  carbonate,  magnesium  being 
retained.  The  cause  of  this  retention  is  found  in  the 
tendency  of  magnesium  to  form  soluble  double  salts  with 
potassium,  sodium,  or  ammonium.  In  analysis,  the  chloride 
of  ammonium  should  be  added  before  the  carbonate,  as  it 
is  easier  to  prevent  precipitation  than  to  redissolve  a  pre- 
cipitate once  formed. 

Second  Analytical  Reaction— To  some  of  the  solution  re- 
sulting from  the  last  reaction,  add  solution  of  phosphate  of 
sodium  or  ammonium ;  a  white  granular  precipitate  (phos- 
phate of  magnesium  and  ammonium,  MgNH^PO^)  results. 

 Third.    To  another  portion  add  arseniate  of  ammonium, 

a  precipitate  similar  in  appearance  falls  (arseniate  of  mag- 
nesium and  ammonium,  MgNH4AsO,t). 

jy0£e.— Barium  and  calcium  are  also  precipitated  by  alka- 
line phosphates  and  arseniates.  The  other  precipitants  of 
magnesium  are  also  precipitants  of  barium  and  calcium.  In 
other  words,  there  is  no  direct  test  for  magnesium.  Hence 
the  analyst  always  removes  any  barium  or  calcium  by  an 
alkaline  carbonate,  as  above  indicated;  the  phosphate  of 
sodium  (or  arseniate  or  phosphate  of  ammonium)  then  be- 
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comes  a  very  delicate  test  of  the  presence  of  magnesium. 
In  speaking  of  magnesium  tests,  the  absence  of  barium  and 
.  calcium  salts  is  to  be  understood. 


QUESTIONS  AND  EXEECISES. 

Name  the  natural  sources  of  the  various  salts  of  magnesium. — Give  a 
1  process  for  the  preparation  of  Epsom  salt. — Draw  diagrams  illustrative 
i  of  the  formation  of  sulphate  of  magnesium  from  magnesite  and  from 
i  dolomite. — Show  by  an  equation  the  process  for  the  preparation  of  the 
i  official  Carbonate  of  Magnesium. — What  circumstances  determine  the 

•  two  different  states  of  aggregation  of  the  official  Carbonates  of  Mag- 
nesium (Magnesii  Carbonas  Ponderosa  and  Magnesii  Carbonas  Levis, 
B.P)  ? — What  are  the  relations  of  Magnesia  Ponderosa,  B.P.,  and  Mag- 
nesia Levis,  B.P.,  to  the  official  Carbonates  of  Magnesium  ? — How  much 

•  denser  is  the  one  than  the  other  ? — Is  magnesia  soluble  in  water  ? — How 
is  "Fluid  Magnesia"  prepared? — Mention  the  effects  of  heat  and  cold 
on  "  Fluid  Magnesia." — Ascertain  how  much  magnesia  (MgO)  can  be 
obtained  from  100  grains  of  Epsom  salt. — Calculate  the  amount  of  official 
Carbonate  of  Magnesium  which  will  yield  100  grains  of  magnesia. — Can 
magnesium  be  detected  in  presence  of  barium  and  calcium  ? — Describe 
the  analysis  of  an  aqueous  liquid  containing  salts  of  barium,  calcium, 

;  and  magnesium. — How  may  magnesium  be  precipitated  from  solutions 
i  containing  ammoniacal  salts  ? 


Quantivalence  or  Valency. 

On  reviewing  the  foregoing  statements  regarding  com- 
pounds of  the  three  univalent  radicals — potassium,  sodium, 
and  ammonium,  and  the  three  bivalent  elements — barium, 
calcium,  and  magnesium,  the  doctrine  of  quantivalence,  or 
valency,  will  be  more  clearly  understood  and  its  usefulness 
be  more  apparent.    Quantivalence,  or  the  value  of  atoms,  is, 
in  short,  in  chemistry,  closely  allied  to  value  in  commercial 
barter.    A  number  of  articles,  differing  much  in  weight, 
appearance,  and  general  characters,  may  be  of  equal  money 
value ;  and  if  these  be  regained,  for  convenience,  as  having 
a  sort  of  unit  of  value,  others  worth  double  as  much  might 
be  termed  bivalent,  three  times  as  much  trivalent,  and  so 
on.    In  like  manner,  chemical  radicals,  no  matter  whether 
elementary,  like  potassium  (K),  iodine  (I),  or  sulphur  (S),  or 
compound,  like  those  of  nitrates  (N03),  sulphates  (SO  j,  or 
acetates  (C2H302),  have  a  given  chemical  value  in  relation 
to  each  other,  and  are  exchangeable  for,  or  will  unite  with, 
each  other  to  an  extent  determined  by  that  value.  Two 
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such  radicals  may  be  considered  to  be  present  in  a  molecule 
of  most  ordinary  salts,  a  basylous  and  an  acidulous  radical, 
one  quantivalently  balancing  the  other.  The  formulae  of  the 
chief  of  these  radicals  and  their  quantivalence  are  given  in 
the  following  Table.  Examples  of  formulas  of  salts  contain- 
ing univalent,  bivalent,  and  trivalent  radicals  are  given  in 
the  succeeding  Table. 


Quantivalence  of  Common  Radicals. 


Univalent  Radicals, 
or  Monads. 

Bivalent  Radicals, 
or  Dyads. 

Trivalent  Radicals, 
or  Triads. 

Acidulous.  Basylous. 
H  H 
CI  K 
I  Na 
HO  NH4 
N03  Ag 
0,13,0,  Hg(ous) 

Acidulous.  Basylous. 
0  Ca 
S04  Mg 
C03  Zn 
C204  Cu 
C4H406  Hg(ic) 
S  Fe(ous) 

Acidulous.  Basylous. 
P04  As 
B03  Sb 
C6H607  Bi 
As03     (  Fem(ic) 
As04     <  or 
C4H305  (Fe"2(ic) 

Note  1. — Hydrogen  (H)  as  the  basylous  part  of  salts  has 
entirely  different  functions  to  hydrogen  (H)  as  the  acidulous 
part.  Acidulous  hydrogen  gives  compounds  commonly 
termed  hydrides  {e.g.,  AsH3) ;  basylous  hydrogen  is  the 
basylous  radical  of  acids  (e.g.,  HC1,  H2S04).  On  the  other 
hand,  in  compound  radicals,  e.g.,  C2H302,  or  NH4,  these  pro- 
perties of  hydrogen  are  no  longer  apparent;  the  chemical 
force  resident  with  the  atoms  of  such  radicals  seems  to  be 
mainly  exerted  in  binding  those  atoms  together. 

Note  2. — The  name,  symbol,  quantivalence,  and  atomic 
weight  of  all  the  important  elements  are  given  in  a  Table 
immediately  preceding  the  Index. 

Examples  of  Formula;  of  Salts  containing  Univalent, 
Bivalent,  and  Trivalent  Radicals. 

The  reader  will  find  instructive  practice  in  writing  twenty 
or  thirty  imaginary  formulas  of  salts  by  placing  in  juxtapo- 
sition acidulous  and  basylous  radicals,  as  in  the  following 
Table  of  examples.  Just  as  in  a  pair  of  scales  a  2-lb.  weight 
must  be  balanced  by  two  1-lb.  weights,  or  a  4-lb.  weight  by 
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two  2-lb.  weights,  or  by  one  3-lb.  and  one  1-lb.  weight,  so 
a  bivalent  radical  unites  with  a  bivalent  radical  or  with  two 
univalent  radicals,  a  quadrivalent  radical  with  two  bivalent 
radicals,  or  with  one  trivalent  and  one  univalent  radical, 
and  so  on. 

(R  =  any  basylous  radical.)    (i2  =  any  acidulous  radical.) 
General  formula.  Examples. 

WR' .    .    .    KI,  NaCl,  KE4C2H302,  AgN03. 

U"R'2    .    .    CaCl2,  Zn202H30a,  Pb2N03  (BaN03C2H302). 

R"'R\   .    .   Bi3N03,  AsH3,  SbCL.  3232; 

R'2£"    .  1  /K2C03,  Na2S04,  H2C4H406. 

Bto'Jff'  .  /  IKHCO;,  NaHS04,  kkb4H406. 

R'SR'"   .  \  /(NH4)3P04,  K3C6H507,  H3As03. 

R'2R'iT  )  \Na2HP04,4Na2HAsO;.'    3  3 

B,"R"    .    .    CaC03,  MgO,  CuS04,  HgO,  FeSO.. 

R'VR'V    .    Ca32P04,  Ca32CfiH50  . 

W'R'R'"     .    MgNH4P04,  CuHAs63. 

R,"'R"R'    .  BiON03. 

R,"'2R"2R"  .  Bi202C03. 

R'"2#6  .    .    Fe2Cl6,  Fe26N03,  Fe26C2H302. 

Quadrivalent  Eadicals  or  Tetrads,  Quinquivalent  Radicals 
or  Pentads,  and  Sexivalent  Radicals  or  Hexads,  are  known. 

Cautions  — 1.  The  student  will  not  mistake  valency  for 
strength.  Bivalent  atoms,  for  example,  will  vary  as  much 
in  power  of  chemical  attachment  as  several  two-armed  boys 
will  vary  from  each  other  in  power  of  grasp.    The  greater 

■  the  quantivalence  of  an  atom,  the  more  compounds  it  will 
iform;  the  stability  of  those  compounds  is  another  affair 
;  altogether.  Indeed,  it  often  happens  that  the  greater  the 
(complexity,  the  less  the  stability  of  a  molecule.     2.  A 

radical"  is  a  single  or  whole  substance  in  a  broad  and 
1  general  sense  only,  the  great  majority  of  radicals  themselves 
1  admitting  of  subdivision.    A  molecule,  like  a  crystal,  is  only 

■  broadly  a 1  whole  or  single  thing,  open  to  attack  or  cleavage 
trom  without,  and  probably  then  will  split  in  more  than  one 

-or  two  directions. 

EXEECISE. 

Write  an  exposition  of  the  doctrine  of  Quantivalence  within  the  limits 
01  a  sheet  of  note-paper. 
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DIRECTIONS  FOR  APPLYING  TUB  FOREGOING  ANALYTICAL  REAC- 
TIONS TO  THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION*  OF  A  SALT 
OF  ONE  OF  THE  METALS,  BARIUM,  CALCIUM,  MAGNESIUM. 

Add  yellow  chromate  of  potassium  to  a  portion  of  the 
solution  to  be  examined ;  a  precipitate  indicates  barium. 

If  no  barium  is  present,  add  chloride  and  carbonate  of 
ammonium,  and  boil;  a  precipitate  indicates  calcium. 

If  barium  and  calcium  are  proved  to  be  absent,  add 
chloride  of  ammonium,  ammonia,  and  then  either  phosphate 
of  sodium  or  arseniate  of  ammonium ;  a  white  granular  pre- 
cipitate indicates  magnesium. 

Ammonia  is  here  added  to  yield  the  necessary  elements  to 
ammonio-magnesian  phosphate  or  ammonio-magnesian  arse- 
niate, both  of  which  are  highly  characteristic  precipitates ; 
and  chloride  of  ammonium  is  added  to  prevent  a  mere  partial 
precipitation  of  the  magnesium  by  the  ammonia. 

DIRECTIONS  FOR  APPLYING  THE  FOREGOING  ANALYTICAL  REAC- 
TIONS TO  THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION  OF  SALTS 
OF  ONE,  TWO,  OR  ALL  THEEE  OF  THE  METALS,  BARIUM, 
CALCIUM,  MAGNESIUM. 

Add  chromate  of  potassium  to  the  solution;  barium,  if 
present,  is  precipitated.  Filter,  if  necessary,  and  add  to 
the  filtrate  (that  is,  the  liquid  which  has  run  through  the 
filter)  chloride,  hydrate,  and  carbonate  of  ammonium,  and 
boil ;  calcium,  if  present,  is  precipitated.  Filter,  if  requi- 
site, and  add  phosphate  of  sodium  ;  magnesium,  if  present,  is 
precipitated. 

tfb<c— Red  chromate  of  potassium  must  not  be  used  in 
these  operations,  or  a  portion  of  the  barium  will  remain  _m 
the  liquid  and  be  thrown  down  with,  or  m  the  place  oi,  the 
arbonate  of  calcium  (vide  p.  113).  .  The  7^**™* 
must  not  contain  carbonate  of  potassium,  or  i*^™* 
precipitated  with,  or  in  the  place  of,  barium.    The  absence 

*  In  preparing  such  solutions  for  analysis,  salts  should  be  selected 
which  d5  St  decompose  each  other.  Chlorides  will  serve  m  most  cases, 
but  nitrates  and  acetates  are  still  more  convenient. 
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of  carbonate  is  proved  by  the  non-occurrence  of  effervescence 
on  the  addition  of  hydrochloric  acid  to  a  little  of  the  solution 
of  the  chromate,  previously  made  hot  in  a  test-tube.  If  the 
yellow  chromate  has  been  prepared  by  adding  excess  of  am- 
monia to  solution  of  red  chromate  of  potassium,  its  addition 
to  the  liquid  to  be  analysed  must  be  preceded  by  that  of 
solution  of  chloride  of  ammonium ;  the  precipitation  of  a 
portion  of  the  magnesium  (by  the  free  ammonia  in  the  yellow 
chromate)  is  thus  prevented — for  solution  of  chloride  of 
ammonium  is  a  good  solvent  of  hydrate  (and  carbonate)  of 
magnesium,  as  already  stated  on  page  134. 


TABLE  OF  SHORT  DIRECTIONS  FOR  APPLYING  THE  FOREGOING 
ANALYTICAL  REACTIONS  TO  THE  ANALYSIS  OF  AN  AQUEOUS 
SOLUTION  OF  SALTS  CONTAINING  ANY  OR  ALL  OF  THE 
METALLIC  ELEMENTS  HITHERTO  CONSIDERED. 

To  the  solution  add  NH401,  NH4HO,  (NH4)aC03  ;  boil  and 
filter. 


Precipitate 
Ba  Ca. 

Wash,  dissolve  in  HC2H302, 
add  K2Cr04,  and  filter. 

Filtrate 
Mg  NH4  Na  K. 
Add  (NH4)2HP04,  shake,  filter. 

Precipitate  Filtrate 
Ba*  Ca. 

Test  by 
(NH4)2C204. 

Precipita 
Mg. 

fce  Filtrate 

NH4  Na  K. 
Evap.to  dryness,  ignite, 
dissolve  residue  in 
water. 
Test  for  K  by  Pt  Cl4. 

„     ,,    Na  ,,  flame. 
Test  orig.  sol.  for  NH4. 

It  is  perhaps  scarcely  necessary  to  state  that  this  precipitate  is 
not  barium  (Ba)  itself  but  chromate  of  barium  (BaCr04),  as  any 
reader  who  has  carefully  gone  through  the  "  foregoing  analytical  reac- 
tions "  will  know.  Chemical  symbols  and  formula;  are  often  used  for 
mere  shorthand  purposes,  but  no  intelligent  student  will  thereby  be  mis- 
led. The  occurrence  of  chromate  of  barium  here,  however,  and  under 
the  circumstances  described,  is  abundant  evidence  of  the  presence  of 
barium  (Ba,  in  some  form  or  other)  in  the  liquid  analysed— which  was 
a  part  of  the  problem  to  be  solved  by  the  operator.    Similar  remarks 
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Note  1.— The  analysis  of  solutions  containing  the  fore- 
going metals  is  commenced  by  the  addition^  of  chloride  of 
ammonium  (NH4C1)  and  ammonia  (NH4H0),  simply  as  a  pre- 
cautionary measure,  the  former  compound  preventing  partial 
precipitation  of  magnesium,  the  latter  neutralizing  acids. 
The  carbonate  of  ammonium,  (NHJgCOg,  is  the  important 
group-reagent — the  precipitant  of  barium  and  calcium. 

Note  2.— In  the  above,  and  in  subsequent  charts  of  analy- 
tical processes,  the  leading  precipitants  will  be  found  to  be 
ammonium  salts.  These,  being  volatile,  can  be  got  rid  of 
towards  the  end  of  the  operations,  and  thus  the  detection  of 
potassium  and  sodium  be  in  no  way  prevented— an  advan- 
tage which  could  not  be  had  if  such  salts  as  chromate  of 
potassium  or  phosphate  of  sodium  were  the  group-precipitants 
employed. 

Note  3.— Acetic,  and  not  hydrochloric  or  nitric,  acid  is 
used  in  dissolving  the  barium  and  calcium  carbonates, 
because  chromate  of  barium— on  the  precipitation  of  which 
the  detection  of  barium  depends— is  soluble  in  the  stronger 
acids,  and  therefore  could  not  be  thrown  down  m  their 
presence. 

Note  on  Classification.— The  compounds  of  barium,  calcium, 
and  magnesium,  like  those  of  the  alkali  metals,  have  many 
analogies  ;  the  carbonate,  phosphate,  and  arseniate  of  each  are 
insoluble  in  water,  which  sufficiently  distinguishes  them 
from  the  members  of  the  class  first  studied.  They  possess, 
however,  well-marked  differences,  so  that  their  separation 
from  each  other  is  easy.  The  solubility  of  their  hydrates  in 
water  marks  their  connection  with  the  alkali  metals ;  the 
Brightness  of  that  solubility,  diminishing  as  we  advance 
farther  and  farther  from  the  alkalies,  baryta  being  most  and 
magnesia  least  soluble  in  water,  points  to  their  connection 
with  the  next  class  of  metals,  the  hydrates  of  which  are 
insoluble  in  water.  These  considerations  must  not,  however, 
S  over-valued.  Though  the  solubility  of  their  hydrates 
places  barium  nearest  and  magnesium  farthest  _  fi  om  the 
alkali  metals,  the  solubility  of  their  sulphates  gives  them 
the  opposite  order,  magnesium  sulphate  being  most  soluble, 

apply  to  the  Ca,  which  is  finally  precipitated  as, ?»Jj^  (^WJ0 
wh  ch  is  thrown  out  as  ammonio-phosphate   MgNH4rO<),  to  >.H4,  Ha, 
and  K,  and  to  the  elements  similarly  alluded  to  in  the  other  subsequent 
Tables  of  "short"  directions  for  analysis. 
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calcium  sulphate  next,  strontium  sulphate  third  (strontium 
is  a  rarer  element,  mentioned  subsequently),  while  barium 
sulphate  is  insoluble  in  water.  These  elements  are  some- 
times spoken  of  as  the  metals  of  the  alkaline  earths. 

Note. — In  connection  with  the  bivalence  of  the  atoms  of 
Barium,  Calcium,  and  Magnesium,  it  is  interesting  to  note 
that  just  as  bivalent  acidulous  radicals  give  salts  contain- 
ing two  atoms  of  univalent  basylous  radicals,  (K2S04, 
H2C03,  KNaC4H406),  so  bivalent  basylous  radicals  yield  salts 
containing  two  atoms  of  univalent  acidulous  radicals,  as  seen 
in  acetonitrate  of  barium,  BaC2H302N03,  a  salt  which  is  a 
definite  compound,  and  not  a  mixture  of  acetate  with  nitrate. 
A  large  number  of  such  salts  is  known. 

Distillation. 

The  water  with  which,  in  analysis,  solution  of  a  salt  or 
dilution  of  a  liquid  is  effected  should  be  pure.  Well  and  river- 
waters  are  unfit  for  the  purpose,  because  they  contain  alkaline 
and  earthy  salts  (some  20  to  60  grains  per  gallon),  derived 
from  the  soil  through  which  the  water  percolates,  and  rain- 
water is  not  infrequently  contaminated  with  the  dust  and 

Fig.  28. 


a 


DISTILLATION,   ON  A  SMALL  SCALE. 


debris  which  fall  on  the  roofs  whence  it  is  usually  collected. 
Such  water  is  purified  by  distillation,  an  operation  in  which 
the  water  is,  by  ebullition,  converted  into  steam,  and  the 
steam  condensed  again  to  water  in  a  separate  vessel,  the  fixed 
earthy  and  other  salts  remaining  in  the  vessel  in  which  the 
water  is  boiled.  On  the  large  scale,  ebullition  is  effected  in 
metal  boilers  having  a  hood  or  head  in  which  is  a  wide  lateral 
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channel  through  which  passes  the  steam ;  on  the  small  scale, 
either  a  common  glass  flask  is  employed,  into  the  neck  of 
which,  by  a  cork,  is  inserted  a  glass  tube  bent  to  an  acute 
angle,  or  a  retort  is  used  (a,  fig.  28),  a  sort  of  long-necked 
Florence  flask,  dexterously  bent  near  the  body  by  the  glass- 
worker  to  an  appropriate  angle  (hence  the  name  retort,  from 
retorqueo,  I  bend  back).    Condensation  is  effected  by  sur- 
.rounding  the  lateral  steam-tube  with  cold  water.    In  large 
stills  the  steam-tube,  or  condensing-worm,  is  usually  a  metal 
(tin)  pipe,  twisted  into  a  spiral  form  for  the  sake  of  compact- 
ness, and  so  fixed  in  a  tub  that  a  few  inches  of  one  end  of 
the  pipe  may  pass  through  and  closely  fit  a  hole  bored  near 
the  bottom  of  the  tub.    Cold  water  is  kept  in  contact  with 
the  exterior  of  the  pipe,  .provision  being  made  for  a  con- 
tinuous supply  to  the  bottom,  while  the  lighter  water,  heated 
by  the  condensing  steam,  runs  off  from  the  top  of  the  column. 
The  condenser  for  a  flask  or  retort  may  be  a  simple  glass  tube 
of  any  size,  placed  within  a  much  wider  tube  (a  common  long, 
narrow  lamp-glass  answers  very  well  for  experimental  opera- 
tions), the  inner  tube  being  connected  at  the  extremities  of 
the  wider  by  bored  corks ;  a  stream  of  water  passes  into  one 
end  of  the  enclosed  space  (the  end  farthest  from  the  retort), 
through  a  small  glass  tube  inserted  in  the  cork,  and  out  at 
the  other  end  through  a  similar  tube.   The  common  (Liebig  s) 
form  of  laboratory  condenser  is  a  glass  tube  three-fourths  of 
an  inch  wide  and  a  yard  long  (b,  fig.  28),  surrounded  by  a 
shorter  tin  or  zinc  tube  (c,  fig.  28)  two  inches  m  diameter, 
and  having  at  each  extremity  a  neck,  through  which  the 
glass  tube  passes.    The  ends  of  the  necks  of  the  tin  tube, 
and  small  portions  of  the  glass  tube  near  them,  are  connected 
by  means  of  a  strip  of  sheet  caoutchouc  carefully  bound 
round  or  by  short,  wide  india-rubber  tubes  (d  and  e,  fag.  28). 
An  aperture  (/,  fig.  28)  near  the  lower  part  of  the  tin  tube 
provides  for  the  admission  of  a  current  of  cold  water,  by  glass 
tubing  or  india-rubber  tubing,  from  the  house  supply  or 
from  a  vessel  placed  above  the  apparatus;  and  a  similar 
aperture  near  the  top  (g,  fig.  28)  allows  the  escape  of  heated 
water  into  a  vessel  or  sink.    The  inner  tube  may  thus 
constantly  be  surrounded  by  cold  water,  and  heated  vapours 
passing  through  it  be  perfectly  cooled  and  condensed-and 
collected  in  any  receiver  (ft,  fig.  28). 

In  distilling  several  gallons  of  water  for  analytical  or 
medicinal  purposes  (Aqua  Destillata,  B.P.),  the  first  two  or 
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three  pints  should  be  rejected,  because  they  are  likely  to 
contain  amnioniacal  and  other  volatile  impurities. 

Water  (Aqtia,  B.P.)  is  defined  as  "  natural  water,  the 
purest  that  can  be  obtained,  cleared,  if  necessary,  by  filtra- 
tion ;  free  from  odour,  unusual  taste,  and  visible  impurity. 
To  be  used  whenever  '  Water '  is  ordered  in  the  British 
Pharmacopoeia.  In  dispensing  prescriptions,  aqua  should  be 
understood  to  mean  distilled  water." 

Rectification  is  the  process  of  redistilling  a  distilled  liquid.  ' 
Rectified  spirit  is  spirit  of  wine  which  has  thus  been  treated. - 

Din/  or  destructive  distillation  is  distillation  in  which  the 
condensed  products  are  directly  formed  by  the  decomposing 
influence  of  the  heat  applied  to  the  dry  or  non-volatile  sub- 
stances in  the  retort  or  still. 


Exercise. — Write  from  memory  a  short  description  of  distillation. 


Recapitulatory. 

The  subject  just  alluded  to  (distillation)  naturally  causes 
wonder  respecting  the  cause  of  the  physical  differences  be- 
tween solid,  liquid,  and  gaseous  water.  Common  observation 
will  have  suggested  to  the  student  that  the  force  of  heat  has 
much  to  do  with  the  differences ;  and  if  he  will  turn  to  the 
chapter  on  latent  heat  in  any  Book  on  Physics,  he  will  find 
that,  as  already  indicated  (p.  90),  when  ice  liquefies  by  heat, 
a  _  very  large  amount  of  heat  must  be  given  before  the 
slightest  rise  of  temperature  occurs.  Afterwards  the  addition 
of  heat  makes  the  water  hotter  and  hotter,  until  one  other 
point  is  reached  (the  boiling-point),  when  here  again  a  great 
amount  of  heat  is  absorbed  without  causing  the  slightest  rise 
in  temperature.  Afterwards  more  heat  makes  the  gaseous 
water  hotter  and  hotter,  until,  like  a  bar  of  iron,  the  steam, 
under  special^  conditions,  is  made  red-hot  or  even  white-hot. 
Different  bodies  absorb  different  amounts  of  heat  in  changing 
their  physical  condition  from  solid  to  liquid,  or  liquid  to  gas 
(or  vapour).  The  amount  is  constant  for  any  one  body ;  hence 
definite  comparative  numbers  may  be  used  for  expressing 
the  latent  heats  of  substances. 

The  absorption  of  heat  at  particular  (liquefying  and  vapor- 
izing) points  must  not  be  confounded  with  an. analogous 
physical  action,  namely,  the  absorption  of  heat  which  goes 
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on  when  a  body  is  rising  in  temperature.  The  amount  of  this 
absorption,  also,  differs  with  different  substances.  That  is 
to  say,  if  equal  weights  of  several  substances,  all  at  the  same 
temperature,  be  heated  to  a  stated  higher  temperature,  very 
different  amounts  of  fuel  will  be  required.  The  particular 
or  specific  amount  in  each  case  is  always  the  same ;  hence 
the  specific  heats  of  substances  may  be  expressed  by  numbers. 
See  the  chapter  on  "  Specific  Heat  "  in  any  manual  of  physics. 

But  after  reading  what  has  been  stated  respecting  the  con- 
stitution of  matter  (pp.  37  to  41),  the  chemical  student  will, 
in  connection  with  the  subject  of  distillation,  be  led  once 
more,  to  think  over  the  subject  of  the  molecular  constitution 
of  solid,  liquid,  and  gaseous  water,  and  of  the  molecular 
condition  of  bodies  generally.    As  previously  stated  little 
can  be  told  him  respecting  the  molecular  condition  of  solids 
and  liquids,  for  temperature  and  pressure  affect  them  un- 
equally; whence  we  conclude  that  though  the  relation  to 
each  other  of  the  molecules  of  any  one  substance  is  constant, 
this  relation  is  different  in  different  bodies.  _  Difforen ;  gases, 
however,  are  not  differently  affected,  but  similarly  affected 
by  temperature  and  pressure  ;  whence  we  conclude  that  the  r 
molecular  constitution-the  relation  of  their  molecules  to 
one  another— is  similar.  „„jqt. 

Another  gas,  ammonia,  has  been  brought  before  the  reader 
since  the  molecular  constitution  of  gases  was  considered. 

A  small  quantity  of  ammonia  gas  enclosed  m  the  upper 
part  of  a  roughly  graduated  test-tube  over  mercury  {water 
wTuld  dissolve  4'and  exposed  to.  the  fnt^TZtl 
the  electric  spark,  by  means  of  wires  erf  p lata ™m 
the  sides  of  the  tube,  is  decomposed  into  its  elements, 
nitVgeTand  hydrogen,' the  bulk  of  ^ 
Avactlv  doubled.  This  expansion  is  not  due  to  the  gaseous, 
moTeculeB  receding  from  e'ach  other  but  to  every  two  mole- 
cules becoming  four  similar-sized  molecules  :— 


N 
H 
H 
H 


N 
H 
H 
H 


N 
N 


H 
H 


H 
H 


H 
H 


xrAra  each  space  (rectangular  chiefly  for  convenience  in 
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;  also,  for  the  moment,  represent  two  volumes,  such  two 
volumes  yielding,  in  the  decomposition,  one  volume  of  nitro- 
|  gen  and  three  volumes  of  hydrogen,  or  the  four  such  double- 
i  cube  volumes  of  ammonia  shown  in  the  diagram  yielding  two 

•  volumes  of  nitrogen  and  six  volumes  of  hydrogen. 

Remembering  that  a  symbol  (of  a  gas)  represents  one 
'volume,  and  that  a  formula  {of  a  gas)  always  represents  two 

•  volumes,  the  pupil  will  now  see  how  full  of  meaning  is  such 
I  an  equation  as  the  following,  including,  as  it  does,  names  of 
tthe  elements,  number  of  atoms,  nature  of  the  molecules, 
i  number  of  the  molecules,  weights  of  atoms  of  the  molecules, 
:  and  therefore  weights  of  bulks  of  the  bodies,  or  extent  of 
t  expansion  in  the  disunion  of  the  elements,  and  therefore  their 
textent  of  contraction  in  the  act  of  union: — 

2NH3  =  N2  +  3H3. 

At  this  stage  the  learner  is  again  recommended  to 
fread  the  paragraphs  on  the  general  principles  of 
cchemical  philosophy  (pages  29  to  57),  and  to  return 
tto  them  from  time  to  time,  until  they  are  thoroughly 
'comprehended. 


ZINC,  ALUMINIUM,  IRON. 

These  three  elements  are  classed  together  for  analytical 
cconvenience  rather  than  for  more  general  analogies. 

ZINC. 

Symbol,  Zn.    Atomic  weight,  64-9. 

Source.— Zinc  is  tolerably  abundant  in  Nature  as  sulphide 
(ZnS)  or  blende,  and  carbonate  (ZnC03)  or  calamine  (from 
calamus,  a  reed,  in  allusion  to  the  appearance  of  the  mineral). 
The  ores  are  roasted  to  expel  sulphur,  carbonic  acid  gas,  and 
some  impurities,  and  the  resulting  oxide  heated  with  char- 
coal, when  the  metal  vaporizes  and  readily  condenses.  Zinc 
s  a  brittle  metal,  but  at  a  temperature  somewhat  below  300° 
F.  is  malleable,  and  may  be  rolled  into  thin  sheets.  Above 
'100°  it  is  again  brittle,  and  may  then  be  pulverized.  At 
(73°  F.  it  melts,  and  at  a  bright  rod  heat  is  volatile.  Zinc 
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in  exceptionally  fine  powder  ignites  spontaneously,  especially 
if  damp,  or  if  stored  in  a  warm  place. 

Uses. — Its  use  as  a  metal  is  familiar  ;  alloyed  with  nickel 
it  yields  german  silver ;  with  twice  its  weight  of  copper  it 
forms  common  brass,  and  as  a  coating  on  iron  (the  so-called 
galvanized  iron)  greatly  retards  the  formation  of  rust.  Most 
of  the  salts  of  zinc  are  prepared,  directly  or  indirectly,  from 
the  metal  {Zincum,  B.P.).  _  u 

Quantivalence.— The  atom  of  zinc  is  bivalent,  Zn  . 

Molecular  Weight —Some  remarks  on  this  point  will  be 
made  under  Mercury. 

Eeactions  having  Synthetical  Interest. 
Sulphate  of  Zinc. 

First  Synthetical  Reaction.— Heat  zinc  (4  parts)  with  water 
(20  parts)  and  sulphuric  acid  (3  fluid  parts)  in  a  test-tube 
(or  larger  vessel)  until  gas  ceases  to  be  evolved ;  solution  of 
sulphate  of  zinc  results.  Filter  (to  separate  the  particles  of 
lead,  carbon,  etc.,  present  in  common  zinc)  and  concentrate 
the  solution  in  an  evaporating-dish  ;  on  cooling,  colourless, 
prismatic  crystals  of  Sulphate  of  Zinc  (ZnS04,  7H20)  are 
deposited  (Zinci  Sulphas,  B.P.). 
Zn0  +   2H2S04  +  £cH20  =   2ZnS04   +  2H2  +  xH20 

Zinc.      Sulphuric  acid.     Water.       Sulphate  of  zinc.  Hydrogen.  Water. 

Ordinary  zinc  does  not  displace  hydrogen  from  pure  sul- 
phuric acid  alone,  nor  from  pure  water  alone  yet  it  does  from 
the  mixture.  The  possible  explanation  is  that  as  sulphuric 
acid  combines  with  several  ^^^^L^1 o° 
form  definite  hydrous  compounds  (H2b04,  ±i2U  ;  ±i2&u4)-n2w  , 
etc )  it  is  one  or  more  of  these  that  is  decomposed  with 
elimination  of  hydrogen.  At  present  we  can  only  say  that 
an  unknown  (x)  amount  of  water  is  required  in  the  paction. 

V0te -This  reaction  affords  hydrogen  and  sulphate  of 
zinc;  it  also  develops  electricity.  Of  several  methods  of 
evolving  hydrogen,  it  is  the  most  convenient ;  of  the  two  or 
three  means  of  preparing  sulphate  of  zinc,  it  is  hat  most 
Pommonlv  employed  ;  and  of  the  many  reactions  which  may 
be  itili  ed  in  the  development  of  voltaic  electricity  it  is 
one  of  t  ie  most  convenient.  The  apparatus  m  which .*d 
reaction  is  effected  differs  according  to  the  requirements  of 
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the  operator :  if  the  sulphate  of  zinc  alone  is  wanted,  an 
open  dish  is  all  that  is  necessary,  the  action  being,  perhaps, 
accelerated  by  heat ;  if  hydrogen,  a  closed  vessel  and  delivery- 
tube  ;  if  electricity,  certain  vessels  called  cells,  and  various 
complementary  materials,  forming  altogether  what  is  termed 
a  battery.  In  each  operation  for  one  of  the  three  the  other 
two  are  commonly  wasted.  It  would  not  be  difficult  for  the 
operator,  as  a  matter  of  amusement,  to  construct  an  appara- 
tus from  which  all  three  should  be  collected. 

Purification. — Impure  sulphate  of  zinc  may  be  purified  in 
the  same  manner  as  impure  chloride  {see  next  Reaction). 
Sulphate  of  zinc  is  isomorphous  with  sulphate  of  mag- 

i  nesium,  and,  like  that  salt,  loses  six-sevenths  of  its  water  of 

•  crystallization  at  212°  F. 

Chloride  of  Zinc. 

Second  Synthetical  Reaction. — Digest  zinc  in  hydrochloric 
;acid  mixed  with  half  its  bulk  of  water  ;  the  resulting  solution 
(contains  chloride  of  zinc.  Evaporate  the  liquid  till  no  more 
ssteam  escapes;  Chloride  of  Zinc  (ZnCl2)  in  a  state  of  fusion 
t remains,  and,  on  cooling,  is  obtained  as  an  opaque  white 
; solid  (Zinci  Chloriditm,  B.P.).  It  is  soluble  in  water  or 
l  alcohol. 

Zn2      +      4HC1      -      2ZnCl2      +  2H2 

Zinc.  Hydrochloric  acid.     Chloride  of  zinc.  Hydrogen. 

This  reaction  is  analogous  to  that  previously  described. 
"The  process  and  product  are  those  of  the  British  Pharma- 
copoeia. Burnett's  deodorizing  or  disinfecting  liquid  is  solu- 
I  tion  of  chloride  of  zinc. 

Purification  of  Chloride  or  Sulphate  of  Zinc. — Zinc  some- 
■  times  contains  traces  of  iron  or  lead;  and  these,  like  zinc, 
tare  dissolved  by  most  acids,  with  formation  of  soluble  salts  : 
'they  may  be  recognised  in  the  liquids  by  applying  the  test 
idescribed  hereafter  (p.  151)  to  a  little  of  the  solution  in  a 
test-tube.    Should  either  be  present  in  the  above  solution,  a 
little  chlorine  water  is  added  to  the  liquid  till  the  odour  of 
chlorine  is  permanent,  and  then  the  whole  well  shaken  with 
-some  hydrate  of  zinc  or  the  common  official  "carbonate  "  of 
zinc  (really  hydrato-carbonate  :  see  next  page).    In  this  way 
iron  is  precipitated  as  ferric  hydrate,  and  lead  as  peroxide  : — 
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*2FeCl2      +      Cl2      =  *Fe2Cl6 

Ferrous  chloride.         Chlorine.  Ferric  chloride. 

Fe2Cl6    +    3ZnH202    =    Fe26HO    +  3ZnCl2 

Ferric  Hydrate  Ferric  Chloride 

chloride.  of  zinc.  hydrate.  of  zinc. 

PbCl2  +  Cl2  +  2ZnH202  -  Pb02  +  2ZnCl2  +  2H20 

Chloride     Chlorine.        Hydrate  Peroxide        Chloride  Water, 

of  lead.  of  zinc.  of  lead.  of  zinc. 

In  the  British  Pharmacopoeia,  the  possible  presence  of 
impurities  in  the  zinc  is  recognised,  and  the  process  of  puri- 
fication just  described  incorporated  with  the  process  of  pre- 
paration of  Zinci  Chloridwn,  Liquor  Zinci  Chloridi,  and 
Zinci  Sulphas.  In  the  purification  of  the  sulphate  of  zinc, 
the  action  of  chlorine  on  any  ferrous  sulphate  will  result  in 
the  formation  of  ferric  sulphate  as  well  as  ferric  chloride:— 

6PeS04  +  3C12  =  2(Fe23S04)  +  Fe2Cl6 ; 
carbonate  of  zinc  will  then  give  chloride  as  well  as  sulphate 
of  zinc,  and  thus  the  whole  quantity  of  sulphate  of  zinc  be 
slightly  contaminated  by  chloride.  On  evaporating  and 
crystallizing,  however,  the  chloride  of  zinc  will  be  retained 
in  the  mother-liquor.  These  processes  of  purification  admit 
of  general  application. 

For  Liquor  Zinci  Chloridi,  B.P.,  1  pound  of  zinc  is  placed 
in  a  mixture  of  44  fluid  ounces  of  hydrochloric  acid  and  20 
of  water,  the  mixture  ultimately  warmed  until  no  more  gas 
escapes,  filtered  into  a  bottle,  chlorine  water  added  until  the 
liquid,  after  shaking,  smells  fairly  of  chlorine,  about  half  an 
ounce  or  somewhat  more  of  carbonate  of  zinc  shaken  up  with 
the  solution  until  a  brown  precipitate  (of  ferric  hydrate,  or 
peroxide  of  lead,  or  both)  appears,  the  whole  filtered,  and 
the  filtrate  evaporated  to  40  fluid  ounces.  One  fluid  ounce 
contains  366  grains  of  chloride  of  zinc.  If,  on  testing  a  little 
of  the  solution  first  produced  with  ammonia  and  sulphy- 
drate  of  ammonium,  the  precipitate  is  quite  white,  neither 
iron  nor  lead  was  present  in  the  zinc,  and  the  treatment 
with  chlorine  water  and  carbonate  of  zinc  is  to  be  omitted. 

Carbonate  of  Zinc. 

Third  Synthetical  Reaction.-To  solution  of  any  given 
quantity  of  sulphate  of  zinc  in  twice  its  weight  of  water  (in 

•  It  will  be  noticed  that  the  atom  of  iron  is  represented,  in  these 
equations,  as  exerting  both  bivalent,  and  trivalent  activity;  this  will  be 
alluded  to  when  iron  comes  under  consideration. 
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a  test-tube,  evaporating  basin,  or  other  large  or  small  vessel) 
add  about  an  equal  quantity  of  carbonate  of  sodium,  also 
dissolved  in  twice  its  weight  of  water,  and  boil ;  the  resulting 
white  precipitate  is  so-called  Carbonate  of  Zinc  {Zinci  Car- 
bonas.  B.P.),  a  compound  of  carbonate  (ZnC03)  and  hydrate 
(Zn2HO),  in  the  proportion  of  one  molecule  of  the  former 
and  two  of  the  latter,  together  with  a  molecule  of  water 
(HoO).  It  may  be  washed,  drained,  and  dried  in  the  usual 
manner.    It  is  used  in  the  arts  under  the  name  of  zinc-white. 

3ZnS04  +  2H20  +  3Na,008  =  Zu003,  2ZnH202  +  2C02  +  3Na2S04 

Sulphate      Water.     Carbonate      Official  carbonate      Carbonic  Sulphate 
of  zinc.  of  sodium.  of  zinc.  acid  gas.     of  sodium. 

Calamina  Prceparata,  B.P.,  is  a  smooth,  pale  pinkish-brown 
powder,  obtained  by  calcining  and  powdering  native  car- 
bonate of  zinc  or  calamine,  and  freeing  the  product  from 
gritty  particles  by  elutriation.  Prepared  calamine  is  chiefly 
carbonate  of  zinc  with  some  oxide  of  iron,  etc. 

Elutriation  {hat.  elutriatus  ;  elutrio  ;  eluo  •  I  wash  out). 
This  fractional  operation  consists  in  straining  off  water  (or 
other  liquids — light  like  ether,  or  heavy  like  chloroform) 
containing  lighter  particles  in  suspension  from  heavier  and 
coarser  particles  which  have  become  deposited.  The  de- 
canted fluid  yields  a  sediment  of  the  fine  particles  on  stand- 
ing. By  allowing  a  varying  number  of  seconds  to  elapse 
between  the  shaking  and  the  decantation,  and  by  the  use  of 
fluids  of  different  specific  gravities  and  different  degrees  of 
limpidity  or  viscidity,  substances  of  different  specific  gravi- 
ties or  particles  of  different  degrees  of  fineness  of  any  one 
substance,  may  be  separated  from  each  other. 

Acetate  of  Zinc. 

Fourth  Synthetical  Reaction. — Collect  on  a  filter  the  pre- 
i  cipitate  obtained  in  the  last  reaction,  wash  with  distilled 
water,  and  dissolve  a  portion  in  strong  acetic  acid ;  the 
resulting  solution  contains  acetate  of  zinc,  and,  on  evapora- 
ting and  setting  aside,  yields  lamellar  pearly  crystals 
(Zn2C2H302)  2H20),  Zinci  Acetas,  B.P. 

ZnC03,2ZnH202  +  6HC2H302  =  3(Zn2C3H302)  +  5H20  +  C02 

'  Official  carbonate  of  zinc.   Acetic  acid.       Acetate  of  zinc.  Water, 


1B0 


THE  METALLIC  EADICALS. 


Oxide  of  Zinc. 

Fifth  Synthetical  Reaction.— Dry  the  remainder  of  the  pre- 
cipitated carbonate  (by  placing  the  open  filter  on  a  plate 
over  a  dish  of  water  kept  boiling),  and  then  heat  it  m  a 
small  crncible  till  trial  samples  taken  ont  of  the  crucible 
from  time  to  time  cease  to  effervesce  on  the  addition  of 
water  and  acid;  the  product  is  Oxide  of  Zinc  (Zincz 
Oxidum,  B.P.),  much  used  in  the  form  of  Ointment  (Un- 
guentum  Zinci,  B.P.). 

ZnC03l2ZnH203    =    3ZnO    +    2H20    +  C02 

Official  catenate  of  zinc.      Oxide  of  zinc.  Water.    Carbomc  add  gas. 

Note  _This  oxide  is  yellow  while  hot,  and  of  a  very  pale 
vellow  or  slight  buff  tint  when  cold,  not  actually  white  like 
the  olide  prepared  by  the  combustion  of  zinc  m  air.  The 
^eXaTionof  the  latter  variety,  which  also  occurs  m  com- 
Lrce  can  only  be  practically  accomplished  on  the  large 
Sale    but  the  chief  features  of  the  action  may  be  observed 

Fig.  29.  30- 
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Philosophica,  or  Nihilum  Album 

A  clear  blowpipe-flame  consi are Phot 

tions  (see  fig.  30),  an  inner  cone  at  the  apex  ot  WJ  ^ 
hydrocarbon  gases  greedj^o  oxygen,  and  an  o me 

aJex  of  which  is  excess  of  hot  °&BP}-™  ™£  tbe  W 
oxidizable  metals,  etc,  are  readily  oxidized, 
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going  experiment,  and  that  part  of  the  flame  is  therefore 
termed  the  oxidizing  flame  ;  in  the  inner  flame  oxides  and 
other  compounds  (a  grain  of  acetate  of  lead  may  be  employed 
for  illustration)  are  reduced  to  the  metallic  state,  hence  that 
part  is  termed  the  reducing  flame.  '  A  blowpipe-flame  is 
much  altered  in  character  by  slight  variations  in  the  position 
of  the  nozzle  of  the  blowpipe,  by  the  form  of  the  nozzle,  by 
the  force  with  which  air  is  expelled  from  the  blowpipe,  and 
by  the  character  of  the  jet  of  gas. 

Oxide  of  zinc  slowly  absorbs  carbonic  acid  from  moist  air, 
and  is  partly  reconverted  into  the  hydrato-carbonate. 

Valerianate  of  Zinc. 

Sixth  Synthetical  Reaction.— The  Valerianate  of  Zinc 
(Zn2C5H902,H20),  Zinci  Valerianas,  B.P.,  is  prepared  by 
mixing  strong  solutions  of  sulphate  of  zinc  and  valerianate 
of  sodium,  cooling,  separating  the  white  pearly  crystalline 
substance,  evaporating  at  200°  F.  to  a  low,  bulk,  cooling,  again 
separating  the  lamellar  crystals,  washing  the  whole  product 
with  a  small  quantity  of  cold  distilled  water,  draining  and 
drying  by  exposure  to  air  at  ordinary  temperatures.  Vale- 
rianate of  zinc  is  soluble  in  ether,  alcohol,  or  hot  water. 

ZnS04    +    2NaC5H902    -    Na2S04    +  Zn2C5H902 

Sulphate  of  zinc.  Valerianate  of  sodium.  Sulphate  of  sodium.  Valerianate  of  zinc. 

Note. — The  compounds  of  zinc  described  in  the  foregoing 
six  reactions  are  the  only  ones  mentioned  in  the  British 
Pharmacopoeia :  the  processes  are  also  those  of  that  work. 
Sulphide  and  Hydrate  of  Zinc  are  mentioned  in  the  follow- 
ing analytical  paragraphs.  The  formula  of  Sidphite  of  Zinc 
:  is  ZnS03,  3H20. 

Beactions  having  Analytical  Interest  (Tests). 

First  Analytical  Reaction. — To  solution  of  a  zinc  salt  (sul- 
I  phate,  e.g.),  in  a  test-tube,  add  solution  of  sulphydrate  of 
'  ammonium  (NH4HS) ;  a  white  precipitate  (sulphide  of  zinc, 
!  ZnS)  falls,  insoluble  in  acetic,  soluble  in  the  stronger  acids. 

Note. — This  is  the  only  white  sulphide  that  will  be  met 
with.    Its  formation,  on  the  addition  of  the  sulphydrate  of 
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ammonium,  is  therefore  highly  characteristic  of  zinc.  If  the 
zinc  salt  contains  iron  or  lead  as  impurities,  the  precipitate 
will  have  a  dark  appearance,  the  sulphides  of  those  metals 
being  black.  Hydrate  of  aluminium,  which  is  also  white 
and  precipitated  by  sulphydrate  of  ammonium,  is  the  only 
substance  for  which  sulphide  of  zinc  is  likely  to  be  mistaken, 
and  vice  versd  •  but,  as  will  be  seen  immediately,  there  are 
good  means  of  distinguishing  these  from  each  other. 

Second  Analytical  Reaction. — To  solution  of  a  zinc  salt 
add  ammonia  ;  a  white  precipitate  (hydrate  of  zinc,  Zn2H0) 
appears.  Add  excess  of  ammonia ;  the  precipitate  is  redis- 
solved.  This  reaction  at  once  distinguishes  a  zinc  salt  from 
an  aluminium  salt,  hydrate  of  aluminium  being  insoluble  in 
diluted  ammonia. 

Other  Analytical  Reactions.— -The  fixed  alkali-hydrates 
afford  a  similar  reaction  to  that  just  mentioned,  the  hydrate 
of  zinc  redissolving  if  the  alkali  is  free  from  carbonate.  Car- 
bonate of  ammonium  yields  a  white  precipitate  of  carbonate 
and  hydrate,  soluble  in  excess.  The  fixed  alkaline  car- 
bonates give  a  similar  precipitate,  which  is  not  redissolved 
if  the  mixed  solution  and  precipitate  be  well  boiled.  Ferro- 
cyanide  of  potassium  precipitates  white  ferrocyanide  of  zinc 
(Zn2FeCy6). 

Sulphate  of  magnesium,  which  is  isomorphous  with  and 
sometimes  indistinguishable  in  appearance  from  sulphate  of 
zinc,  is  not  precipitated  from  its  solutions  either  by  ferro- 
cyanide of  potassium  or  sulphydrate  of  ammonium. 

Antidotes.- There  are  no  efficient  chemical  means  of  coun- 
teracting the  poisonous  effects  of  zinc.  Large  doses,  for- 
tunately, act  as  powerful  emetics.  If  vomiting  has  not 
occurred,  or  apparently  to  an  insufficient  extent,  solution 
of  carbonate  of  sodium  (common  washing  soda),  immedi- 
ately followed  by  white  of  egg  and  demulcents,  may  be 
administered,  and  then  the  stomach  be  cleared. 


ALUMINIUM. 


153 


QUESTIONS  AND  EXEECISES. 

Give  the  sources  and  uses  of  metallic  zinc. — Give  a  diagram  of  the 
action  of  zinc  on  diluted  sulphuric  acid. — How  may  solutions  of  Chloride 
or  Sulphate  of  Zinc  be  purified  from  salts  of  iron  ?  Give  equations  for 
the  reactions. — State  the  formula  of  the  official  Carbonate  of  Zinc,  and 
illustrate  by  a  diagram  the  reaction  which  takes  place  in  its  production. 
— Give  an  equation  for  the  synthesis  of  Acetate  of  Zinc. — In  what  re- 
spect does  Oxide  of  Zinc,  resulting  from  the  ignition  of  the  carbonate, 
differ  from  that  produced  during  the  combustion  of  the  metal  ? — How  is 
Valerianate  of  Zinc  prepared  ? — What  are  the  properties  of  Valerianate 
of  Zinc? — Name  the  more  important  tests  for  zinc. — How  would  you  dis- 
tinguish, chemically,  between  solutions  of  Sulphate  of  Zinc  and  Alum  ? — 
Describe  the  treatment  in  cases  of  poisoning  by  zinc  salts. — Give  reactions 
distinguishing  Sulphate  of  Zinc  from  Sulphate  of  Magnesium. 


ALUMINIUM. 

Symbol,  Al.    Atomic  weight,  27. 

Note. — In  the  formulse  of  aluminium  salts,  it  will  be  ob- 
served that  to  one  atom  of  metal  there  are  three  atoms  of 
other  univalent  radicals ;  hence,  apparently,  the  atom  of 
aluminium  is  trivalent,  Al'".  But  possibly  it  is  quadrivalent ; 
for  one  molecule  of  aluminium  compounds  includes  two  atoms 
of  the  metal,  three-fourths  only  of  whose  power  may  be 
supposed  to  be  exerted  in  retaining  the  other  constituents  of 
the  molecule,  the  remaining  fourth  enabling  the  aluminium 
atoms  themselves  to  keep  together.  This  is  graphically  shown 
in  the  following  formula  of  chloride  of  aluminium  (A12C16), 
which  represents  each  aluminium  atom  as  a  body  having  four 
arms  or  bonds,  three  of  which  are  engaged  in  grasping  the 
arms  of  univalent  chlorine  atoms,  while  the  fourth  grasps  the 
corresponding  arm  of  its  brother  aluminium  atom.  Such 
structural  formula  or  qraphic  for-  „  ..    .  . 

,  -i  ,-    &     *         J  Chloride  of  Alnmminm. 

mulce,  as  they  are  called,  are  useful  d  qi 

in   facilitating  the   acquirement  of 

hypotheses  regarding  the  constitution  | 

of  chemical  substances,  especially  if    01  Al— •  — Al  CI 

the  error  be  avoided  of  supposing  that 

they  are  pictures  either  of  the  posi-  ^  ^ 

tion  or  absolute  power  of  atoms  in  a 

molecule,  or,  indeed,  the  true  representation  of  a  molecule  at 
all ;  for  on  thi3  point  man  knows  little  or  nothing.  A1C13 
may  be  the  formula  at  very  high  temperatures. 
^  Source. — Aluminium  is  abundant  in  Nature,  chiefly  as 
silicate  in  clays,  slate,  marl,  granite,  basalt,  and  a  large 
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number  of  minerals.    Mica  or  talc  consists  chiefly  of  silicates 
of  aluminium,  iron,  magnesium,  and  P°tasBXum.    The  sap- 
nhire  and  ruby  are  almost  pure  oxide  of  aluminium.  Rotten 
£a  softffriable,  aluminium  silicate  containing  a  httle 

°r¥h"Suminium  is  obtained  from  the  double  chloride 
of  aluminium  and  sodium  by  the  action  of  metallic  sodium 
L  uTe  of  the  chloride  being  the  minera 
or  less  ferruginous  hydrate  of  aluminium;  also  by  electro 
Ivs is  It  is  feadily  attacked  by  inorganic  and  organic  acids 
yTluminium  readily  alloys  with  other  metals.  One  par 
fused  with  nine  of  copper  gives  aluminum  broj  ize  Alunn 
nium-steel  is  a  hard  and  tenacious  alloy  of  a  little  alumi 

niuna  with  the  iron.  sulphate  of  aluminium 

Alum  (Alumen  B.?.),  adg£ Le^  P        ^  aluininium 
and  ammonium  (^2g04,Am2b h  ohtAilxed 

phate  of  iron,  and  silica,  from  the  sil cab  of  allium  ^ 
uSf  iron  salt  remains  in  the 

It  is  more  frequently  I^^J^S,  „f  trJ  coal 
the  silicate  «f  alnmrmnm  m  the  calcined  eto.  ;„m 

measures  by  hot  sulphuric  ,ft^m™7rsolution  strong 
salts  being  ^dfd.f™^ta°ned ^The  liquid,  well  agitated 
SS£  e»Hn?  tpril^in  minutS  crystals  termed 

which  is  "^Y^lomi^  tahing 
Alums.-There  are  several  «fa'»s' '  ™  °' c  sodium  that  of 

the  place  •<  —  -  £TS$**  *° 
alike  in  chemical  ^to'ion,  d  ^h^e  ^  ^ 
et^nu^ 

rA°b°«f:r«P^,  but  sti'l,  exhibit  the 
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faces  of  octahedra.  It  contains  sulphate  of  ammonium  or 
sulphate  of  potassium,  according  as  one  or  other  is  the 
cheaper.  At  the  present  time  potassium  alum  is  the  variety 
met  with  in  trade. 

Note  on  Constitution  or  Structure. — In  presence  of  the 
fact  that  a  great  change  in  the  properties  of  sulphate  of 
aluminium,  sulphate  of  potassium,  and  water,  ensues  when 
those  three  substances  unite  to  form  alum,  it  would  seem 
to  be  wrong  to  picture  alum  by  a  formula  still  reflecting 
those  three  substances,  thus  A123S04,K2S04,24H20.  Many 
chemists  admit  this,  and  find  reasonable  excuse  in  sheer 
inability  to  offer  any  more  probable  formula  in  the  present 
stage  of  chemical  knowledge.  Many  chemists,  on  the  other 
hand,  defend  the  formula,  and  explain  that  while  no  doubt 
the  particles  in  each  of  the  original  separate  substances  are 
united  by  atomic  or  ordinary  chemical  attraction  or  affinity, 
those  substances  are,  in  alum,  united  by  molecular  chemical 
attraction.  But  this  view  involves  the  assumption  of  the 
existence  of  either  a  new  force  or  of  two  forms  of  chemical 
force,  in  which  case  the  old  position  that  permanent  and 
entire  alterations  in  properties  are  due  to  the  action  of  a 
single  force,  the  chemical  force,  is  no  longer  tenable.  It  is 
to  be  feared  that  both  learner  and  teacher  must  be  content  to 
remain  for  the  present  in  somewhat  of  a  dilemma.  The  dis- 
covery that  resolves  this  dilemma  will  probably  lay  bare  the 
cause  of  the  properties  and  phenomena  attendant  upon  the 
formation  of  all  salts  containing  what  is  termed  "  water  of 
crystallization,"  as  well  as  of  "  double  salts,"  "  solutions," 
"alloys,"  "amalgams,"  and  perhaps  upon  what  is  conveniently 
spoken  of  as  "  the  variations  in  the  valency  of  atoms." 

Preparation  of  Mum. — Prepare  alum  by  heating  a  small 
quantity  of  powdered  pipeclay  (silicate  of  aluminium)  with 
about  twice  its  weight  of  sulphuric  acid  for  some  time,  dis- 
I  solving  out  the  resulting  sulphate  of  aluminium  and  excess 
i  of  sulphuric  acid  by  water,  and  adding  carbonate  of  potas- 
;  sium  to  the  clear  filtered  solution  until,  after  well  stirring, 
the  excess  of  acid  is  neutralized.    (If  too  much  carbonate  be 
;  added,  the  hydrate  of  aluminium  precipitated  when  the  car- 
Ibonate  is  first  poured  in  will  not  be  redissolved  on  well 
i  mixing  the  whole.    Perhaps  the  readiest  indication  of  neu- 
'  fcrality  in  this  and  similar  cases  is  the  presence  of  a  little 
!  precipitate  after  stirring  and  warming  the  mixture.)  Ou 
I  evaporating  the  clear  solution,  crystals  of  alum  are  obtained. 
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Sulphate  of  Aluminium  or  "  Alum-cake  "  (A123S04)9H20) 
prepared  from  natural  silicates  in  the  manner  just  described, 
is  a  common  article  of  trade,  serving  most  of  the  manufac- 
turing purposes  for  which  alum  was  formerly  employed. 

Dried  alum  (Alumen  Exsiccatum,  B.P.)  is  potassium  alum 
from  which  the  water  of  crystallization  has  been  expelled  by 
heat,  the  temperature  not  exceeding  400°  F.  By  calculation 
from  the  molecular  weight  of  alum,  it  will  be  found  that  the 
salt  contains  between  47  and  48  per  cent,  of  water.  At 
temperatures  above  400°  F.  ammonium  alum  is  decomposed, 
sulphate  of  ammonium  and  sulphuric  anhydride  escaping, 
and  pure  oxide  of  aluminium  (Al2Os)  remaining.  Dried 
alum  rapidly  reabsorbs  water  from  the  atmosphere,  and  is 
slowly  but  completely  soluble  in  water. 

Roche  alum,  or  Rock  alum  (roche,  French,  rock),  is  the 
name  of  an  impure  native  variety  of  alum  containing^  iron. 
The  article  sold  under  this  name  is  generally  an  artificial 
mixture  of  common  alum  with  oxide  of  iron. 

Beactions  having  Analytical  Interest  (Tests). 

First  Analytical  Reaction.— To  a  solution  of  an  aluminium 
salt  (alum,  for  example,  which  contains  sulphate  of  alumi- 
nium) add  sulphydrate  of  ammonium^  (NH4HS) ;  a  gelatinous 
white  precipitate  (hydrate  of  aluminium)  falls  : — 
A123S04  +  6NH4HS  +  6H30  =  Al26HO  +  3(NH4)2SO,  +  6H2S. 

Second  Analytical  Reaction— To  solution  of  alum  add 
ammonia, NH4HO;  hydrate  of  aluminium  falls:  add  excess 
of  ammonia ;  the  precipitate  is,  practically,  insoluble. 

Principle  of  Dyeing  by  help  of  Mordants.— The  precipi- 
tated hydrate  of  aluminium,  alumina,  has  great  affinity  for 
vegetable  colouring-matters,  and  also  for  the  fibre  of  cloth. 
Once  more  perform  the  above  experiment,  but  before  adding 
the  ammonia  introduce  some  decoction  of  logwood,  solution 
of  cochineal,  or  other  similar-coloured  liquid,  into  the  test- 
tube.  Add  now  the  ammonia,  and  set  the  tube  aside  for  the 
alumina  to  fall ;  the  latter  takes  down  with  it  all  the  colour- 
ing principle.  In  dye  works,  the  fabrics  are  passed  through 
liquids  holding  the  alumina  but  weakly  in  solution,  and  then 
through  the  colouring  solutions ;  from  the  first  bath  thQ 
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fibres  abstract  alumina,  and  from  the  second  the  alumina 
abstracts  colouring  matter.  Some  other  metallic  hydrates, 
notably  those  of  tin  and  iron,  resemble  alumina  in  this  pro- 
perty ;  they  are  termed  mordants  (from  mordens,  biting)  ; 
the  substances  they  form  with  colouring-matters  have  the 
name  of  lakes. 

Third  Analytical  Reaction. — To  the  solution  of  alum  add 
solution  of  potash;  again  hydrate  of  aluminium  falls.  Add 
excess  of  potash,  and  agitate  ;  the  precipitate  dissolves. 

Hydrate  of  aluminium  may  be  precipitated  from  this  solu- 
tion by  neutralizing  the  potash  with  hydrochloric  acid,  and 
adding  ammonia,  until,  after  shaking,  the  mixture  has  an 
ammoniacal  smell,  or  by  adding  solution  of  chloride  of  am- 
monium to  the  potash  liquid.  But  the  former  way  is  the 
better;  for  it  is  difficult  to  know  when  a  sufficiency  of  the 
chloride  of  ammonium  has  been  poured  in  ;  whereas  reaction 
with  blue  and  red  litmus-paper  at  once  enables  the  operator 
to  know  when  excess  of  hydrochloric  acid  or  of  ammonia  has 
been  added. 

Alkaline  carbonates,  phosphates,  arseniates,  and  salts  of 
other  acidulous  radicals  also  decompose  solutions  of  alumi- 
nium salts  and  produce  insoluble  compounds  of  that  metal 
with  the  several  acidulous  radicals  (except  the  carbonic), 
but  the  resulting  precipitates  are  of  no  special  interest. 

QUESTIONS  AND  EXERCISES. 

What  is  there  remarkable  about  the  quantivalence  of  aluminium  ? — 
Practically  what  is  the  quantivalence  of  the  atom  of  aluminium  ? — Enu- 
merate the  chief  natural  compounds  of  aluminium  ? — Write  down  a 
formula  which  will  represent  either  of  the  alums. — Which  alum  is 
official,  and  commonly  employed  in  the  arts  ? — State  the  source  and 
explain  the  formation  of  alum. — What  is  the  crystalline  form  of  alum  ? 
Work  a  sum  showing  how  much  dried  alum  is  theoretically  producible 
from  100  pounds  of  alum.  Aim.,  521b.  6oz. — Show  by  figures  how 
ordinary  ammonium  alum  is  capable  of  yielding  11-356  per  cent,  of 
oxide  of  aluminium. — Why  are  aluminium  compounds  used  in  dyeing?— 
How  are  salts  of  aluminium  analytically  distinguished  from  those  of 
zinc? 
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IRON. 

Symbol,  Fe.    Atomic  weight,  56. 

Sources. — Compounds  of  iron  are  abundant  in  Nature. 
Magnetic  Iron  Ore,  or  Loadstone  {Lodestone  or  Leadstone, 
from  the  Saxon  Icedan,  to  lead,  in  allusion  to  its  use,  or 
rather,  to  the  use  of  magnets  made  from  it,  in  navigation), 
is  the  chief  ore  from  which  Swedish  iron  is  made ;  it  is  a 
compound  of  ferrous  and  ferric  oxide  (FeO,  Fe203).  Much  of 
the  Russian  iron  is  made  from  Specular  Iron  Ore  (from  specu- 
lum, a  mirror,  in  allusion  to  the  lustrous  nature  of  the 
crystals  of  this  mineral)  ;  this  and  Red  Haematite  (from  at/xa, 
haima,  blood,  so  named  from  the  colour  of  its  streak),  an 
ore  raised  in  Lancashire,  are  composed  of  ferric  oxide  only 
(Fe003).  Broion  Hcematite,  an  oxyhydrate,  is  the  source  of 
much  of  the  French  iron.  Spathic  Iron  Ore  (from  spatha,  a 
slice,  in  allusion  to  the  lamellar  structure  of  the  ore)  is  a 
ferrous  carbonate  (FeC03).  An  impure  ferrous  carbonate 
forms  the  Clay  Ironstone,  whence  most  of  the  English  iron 
is  derived.  The  chief  Scotch  ore  is  also  an  impure  carbonate, 
containing  much  bituminous  matter  :  it  is  known  as  Black 
Band.  Iron  Pijrites  (from  irvp,  pur,  fire,  in  allusion  to  the 
production  of  sparks  when  sharply  struck)  (FeS„)  is  a  yellow, 
lustrous  mineral  of  use  only  for  its  sulphur.  As  met  with  in 
coal  it  is  commonly  termed  coal  brasses.  Ferrous  carbonate 
(FeC03),  chloride  (FeCl2,  4H30),  and  sulphate  (FeS04,7H20) 
sometimes  occur  in  springs,  the  water  of  which  is  hence 
termed  chalybeate  (chalybs,  steel). 

Process.—  Iron  is  obtained  from  its  ores  by  processes,  of 
roasting,  and  reduction  of  the  resulting  impure  oxide  with 
coal  or  charcoal  in  the  presence  of  chalk,  the  latter  uniting 
with  the  sand,  clay,  etc.,  to  form  a  fusible  slag.  The  cast 
iron  thus  produced  may  be  converted  into  wrought  iron  by 
burning  out  the  4  or  5  per  cent,  of  carbon,  silicon,  and  other 
impurities  present,  by  oxidation  in  a  furnace— the  old  oper- 
ation termed  puddling.  Steel  is  iron  containing  from  one  to 
two  per  nent.  of  carbon,  and  is  made  by  the  .now  celebrated 
Bessemer  process  of  burning  out  from  cast  iron  the  variable 
amount  of  carbon  it  contains,  and  then  adding  melted  iron 
containing  a  known  proportion  of  carbon.  The  official  variety 
of  the  metal  (Ferrum,  B.P.)  is  "  annealed  iron  wire,  having 
a  diameter  about  0-005  of  an  inch  (about  No.  35  wire  gauge), 
or  wrought-iron  nails ;  free  from  oxide  »  :  those  being  the 
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forms  in  which  iron  is  conveniently  employed  for  conversion 
into  its  compounds.  In  the  form  of  a  fine  powder  (see  the 
17th  Reaction)  metallic  iron  is  employed  as  a  medicine. 

Properties. — The  specific  gravity  of  pure  iron  is  7-844  ;  of 
the  best  bar  iron  7*7.  Its  colour  is  bluish  white  or  grey.  Bar 
iron  requires  the  highest  heat  of  a  wind-furnace  for  fusion, 
but  below  that  temperature  assumes  a  pasty  consistence, 
and  in  that  state  two  pieces  may  be  joined  or  welded  (Germ. 
icellen,  to  join)  by  the  pressure  of  blows  from  a  hammer.  A 
little  sand  thrown  upon  the  hot  metal  facilitates  this  opera- 
tion by  forming  with  the  superficial  oxide  of  iron  a  fusible 
slag,  which  is  dispersed  by  the  blows :  the  purely  metallic 
surfaces  are  thus  better  enabled  to  come  into  thorough 
contact  and  enter  into  perfect  union.  Iron  is  highly  ductile, 
and  of  all  common  metals  possesses  the  greatest  amount 
of  tenacity.  At  a  high  temperature  it  burns  in  the  air, 
forming  red  oxide  of  iron.  Ordinary  iron  rust  is  chiefly  red 
oxide  of  iron,  with  a  little  ferrous  oxide  and  carbonate  ;  it  is 
produced  by  action  of  the  moist  carbonic  acid  of  the  air  and 
subsequent  oxidation.  Steam  passed  over  scrap  iron  heated 
to  redness  gives  hydrogen  gas  and  black  oxide  of  iron. 

Quantivalence. — Iron  combines  with  other  elements  and 
radicals  in  two  proportions  ;  those  salts  in  which  the  atom  of 
iron  appears  to  possess  inferior  affinities  (in  which  the  other 
radicals  are  in  the  less  amount)  are  termed  ferrous,  the  higher 
being  ferric  salts.  In  the  former  the  atom  exerts  bivalent 
(Fe"  or  Fe2IV),  in  the  latter  trivalent  activity  (Fe'"  or  Fe2vl)  as 
seen  in  the  formulse  of  the  chlorides,  FeCl2  (possibly  Fe2Cl4) 
and  Fe2Cl6  (perhaps  FeCl3  at  very  high  temperatures). 

The  atom  of  iron  is  also  sometimes  considered  to  be  sexi- 
valent,  on  account  of  the  analogy  of  its  compounds  with 
those  of  chromium,  which  is  sexivalent,  if  the  formula  of 
its  fluoride  (CrFfi)  be  correct,  and  because  the  composition 
of  ferrate  of  potassium  (K2Fe04),  a  deep-purple  salt  (obtained 
on  warming  a  mixture,  in  a  test-tube,  of  a  few  fragments  of 
solid  hydrate  of  potassium  and  of  perchloride  of  iron  with  a 
few  drops  of  bromine),  is  best  explained  on  the  assumption 
of  the  sexivalence  of  its  iron. 

Why  the  quantivalence  of  such  atoms  as  that  of  iron  should 
vary  is  not  at  present  known. 

The  Nomenclature  of  Iron  Salts.— For  educational  and  de- 
scriptive purposes,  also,  the  two  classes  of  compounds  are  very 
conveniently  spoken  of  as  ferrous  and  ferric,  the  syllable 
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"ferr,"  common  to  all,  indicating  their  allied  ferruginous 
character,  the  syllables  ous  and  ic  indicating  the  lower  and 
higher  class  respectively— functions  fulfilled  by  these  two 
syllables  in  other  similar  cases  (sulphurous  and  sulphuric, 
mercurous  and  mercuric).  Officially  the  iron  salts  are  known 
by  other  names,  thus,  Sulphate  of  Iron  (Ferri  Sulphas) 
and  Phosphate  of  Iron  {Ferri  Phosphas),  names  which  are 
chemically  inexplicit,  for  there  are  two  sulphates  and  two 
phosphates,  and  the  terms  do  not  define  which  salt  is  intended. 
Consistency  and  uniformity  would  demand  that  the  names 
Ferrous  Sulphate,  Ferrous  Phosphate,  or  similar  terms, 
should  be  employed.  Practically,  however,  the  old  names 
cause  no  confusion,  inasmuch  as  only  one  sulphate,  phosphate, 
etc.,  are  used  in  medicine;  moreover,  the  higher  salts  usually 
have  the  prefix  per  attached  (as  persulphate,  perchloride). 
These  names  are  already  well  known,  can  easily  be  rendered 
in  Latin,  and  then  admit  of  simple  abbreviations  and  adap- 
tations such  as  are  employed  in  prescriptions,  advantages  not 
possessed  by  the  more  rational  terms.  While,  therefore,  the 
comprehension  of  the  chemistry  of  iron  is  rendered  simple 
and  intelligible  by  the  use  of  the  terms  ferrous  and  ferric, 
the  employment  of  older  and  less  definite  names  may  very 
well  be  continued  in  pharmacy  as  being  practically  more 
convenient. 

Reactions  having  Synthetical  Interest. 

FERROUS  SALTS. 
Green  Sulphate  of  Iron.    Ferrous  Sulphate. 

First  Synthetical  Reaction.— -Place  iron  (small  tacks)  in 
sulphuric  acid  diluted  with  eight  times  its  bulk  of  water 
(in  a  test-tube,  basin,  or  other  vessel  of  any  required  size), 
accelerating  the  action  by  heat  until  effervescence  ceases. 
Fe2  +  2H2SO,  +  *H20  =  2FeS04   +  2H2   +  xE£ 

Iron.       Sulphuric  acid.       Water.      Ferrous  sulphate.   Hydrogen.  Water. 

The  solution  contains  what  is  generally  known  as  Sulphate 
of  Iron,  that  is,  Ferrous  Sulphate,  the  lower  of  the  two  sul- 
phates, and  will  yield  crystals  of  that  substance  (FeS04, 
7H20)  (Ferri  Sulphas,  B.P.)  on  cooling  or  on  further  evapo- 
ration •  or  if  the  hot  concentrated  solution  be  poured  into 
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;  alcohol,  the  mixture  being  well  stirred,  the  sulphate  is  at 
once  thrown  down  in  minute  crystals  {Ferri  Sulphas  Granu- 

i  lata,  B.P.).    At  a  temperature  of  212°  F.  ferrous  sulphate 

1  loses  six-sevenths  of  its  water,  and  becomes  the  Ferri  Sul- 
phas Exsiccata,  B.P.     (For  the  nature  of  the  chemical 

.  action  with  iron  and  diluted  sulphuric  acid,  see  the  analogous 

;  zinc  Reaction  on  p.  146.) 

Other  Sources  of  Ferrous  Sulphate. — In  the  laboratory, 
I  ferrous  sulphate  is  often  obtained  as  a  by-product  in  making 
I  sulphuretted  hydrogen. 

FeS  +  H3S04  =  H2S  +  FeS04. 

]  In  manufactories  it  occurs  as  a  by-product  in  the  decomposi- 
i  tion  of  aluminous  shale,  as  already  noticed  (p.  154). 

Ten  grains  of  gra-nulated  sulphate  of  iron  dissolved  in  one 
:  ounce  of  water  constitutes  "  Solution  of  Sulphate  of  Iron," 
IB. P.  "  The  solution  should  be  recently  prepared,"  because 
:of  its  ^ability  to  absorb  oxygen  and  become  spoilt  through 
:  formation  of  ferric  oxysulphate  (see  below). 

Notes. — Ferrous  sulphate  is  sometimes  termed  green  vitriol. 
1  Vitriol  (from  vitrum,  glass)  was  originally  the  name  of  any 
:  transparent  crystalline  substance :  it  was  afterwards  re- 
stricted to  the  sulphates  of  zinc,  iron,  and  copper,  which 
\were,  and  still  are,  occasionally  known  as  white,  green,  and 
I  blue  vitriol.  Copperas  (probably  originally  Copper-rust,  a 
•term  applied  to  verdigris  and  other  green  incrustations  of 
:  copper)  is  another  name  for  this  sulphate  of  iron,  sometimes 
distinguished  as  green  copperas,  sulphate  of  copper  being 
blue  copperas.  Solid  sulphate  of  iron  is  a  constituent  of 
iPilula  Aloes  et  Ferri,  B.P.  Ferrous  sulphate  forms  a  light 
2 green  double  salt  with  sulphate  of  ammonium  (FeS04, 
.-Am,S04,6H20).  (Am=NH4.) 

Ferrous  sulphate,  when  exposed  to  the  air,  gradually 
"turns  brown  through  absorption  of  oxygen,  ferric  oxysul- 
phate (Fe202S04)  being  formed.     The  latter  is  not  com- 
'  pletely  dissolved  by  water,  owing  to  the  formation  of  a  still 
lower  insoluble  oxysalt  (Fe^SO.,)  and  the  soluble  ferric 
I  sul  phate ;  5  (Fe202S04)  =  Fe405S04  +  3(Fe23S04). 

Iron  heated  with  undiluted  sulphuric  acid  gives  sulphurous 
!:acid  gas  and  ferrous  sulphate  : — 

Fe2  +  4H2S04  =  2S02  +  2FeS04  +  4H20. 

A.C.  M 
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Carbonate  of  Iron.   Ferrous  Carbonate. 

Second  Synthetical  Reaction— Ho  solution  of  ferrous  sul- 
phate, boiling,  in  a  test-tube,  add  a  solution  of  carbonate  of 
ammonium,  (NH4)2C03,  in  recently  boiled  hot  water ;  a  white 
precipitate  of  ferrous  carbonate  (FeC03)  is  thrown  down, 
rapidly  becoming  light-green,  bluish-green,  and,  after  a  long 
time,  red,  through  absorption  of  oxygen,  evolution  of  carbonic 
acid  gas,  and  formation  of  ferric  oxy hydrate. 

FeS04  +  (NH4)2C03  =  FeC03  +  (NH4)2S04 

Ferrous  Carbonate  of  FerrouB  Sulphate  of 

sulphate.  ammonium.  carbonate.  ammonium. 

Saccharated  Carbonate  of  Iron— The  above  precipitate, 
rapidly  washed  with  hot  well-boiled  distilled  water,_and  the 
moist  powder  mixed  with  sugar  and  quickly  dried — in  short, 
all  possible  precautions  taken  to  avoid  exposure  to  air — 
forms  the  Saccharated  Carbonate  of  Iron  (Ferri  Carbonas 
Saccharata,  B.P.). 

The  official  proportions  are  two  ounces  of  the  sulphate  and 
one  ounce  and  a  quarter  of  the  carbonate,  each  dissolved  in 
half  a  gallon  of  hot  water.  The  solutions  are  mixed  and  set 
aside  in  a  deep,  well-covered  pan,  the  supernatant  liquid 
poured  off  when  the  precipitate  has  subsided,  the  pan  again 
filled  up  with  boiling  water,  the  liquid  once  more  poured 
away,  the  precipitate  transferred  to  a  calico  filter,  drained, 
gently  pressed,  and,  while  still  somewhat  moist,  rubbed  in 
a  mortar  with  one  ounce  of  sugar,  and  finally  dried  oyer  a 
water-bath.  Saccharated  Carbonate  of  Iron,  mixed  with  a 
fourth  of  its  weight  of  Confection  of  Roses,  forms  the  Pdula 
Ferri  Carbonatis,  B.P. 

Notes.— The  red  powder  formerly  termed  Carbonate  or 
Subcarbonate  of  Iron  (Ferri  Carbonas  or  Ferri  Subcarbonas) 
was  ferrous  carbonate  washed  and  dried  with  free  exposure 
to  air,  the  product  thus,  by  the  absorption  of  oxygen  and 
the  elements  of  water  and  elimination  of  carbonic  acid  gas, 
becoming  ferric  oxyhydrate,  a  compound  which  will  come 
under  notice  subsequently  (pp.  169  and  171).  Ferrous  carbo- 
nate is  said  to  be  more  easily  dissolved  in  the  stomach  than 
any  other  iron  preparation.  It  is  so  unstable  and  prone  to 
oxidation,  that  it  must  be  washed  in  water  containing  no 
dissolved  air  and  mixed  with  the  sugar  (which  protects  it 
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:  from  oxidation)  as  quickly  as  possible.     In  making  the 

official  compound  mixture  of  iron  (Mistura  Ferri  Composita, 
;B.P.),  "Griffith's  mixture,"  the  prepared  ingredients,  includ- 
ing the  carbonate  of  potassium,  should  be  placed  in  a  bottle 
-of  the  required  size,  space  being  left  for  the  crystals  or 
-solution  of  ferrous  sulphate,  which  should  be  added  last,  the 

bottle  immediately  filled  up  with  the  rose-water  and  securely 
.  corked  ;  the  minimum  of  oxidation  is  thus  ensured.  Two 

molecular  weights  of  the  carbonate  of  potassium  to  one  of 
•Ithe  sulphate  of  iron  are  ordered  in  the  official  mixture  ;  hence, 

as  the  ferrous  carbonate  decomposes,  the  carbonic  acid  pro- 
•iduced  does  not  necessarily  escape,  but  converts  carbonate 

into  bicarbonate  of  potassium.  Pilula  Ferri,  B.P.,  Iron  Pill 
k>r  "  Blaud's  Pill,"  is  also  prepared  with  sulphate  of  iron  and 
rearbonate  of  potassium. 

FeS04  +  K2C03  =  FeC03  +  K3SO/. 

Arseniate  of  Iron.    Ferrous  Arseniate. 

Third  Synthetical  Reaction,  by  which  the  lower  arseniate 
M  iron,  ferrous  arseniate  (Ferri  Arsenias,  B.P.)  (Fe32As04), 
oartially  oxidized,  is  formed.    This  will  be  noticed  again 
mder  Arsenium. 

Phosphate  of  Iron.    Ferrous  Phosphate. 

Fourth  Synthetical  Reaction.— To  a  hot  solution  of  ferrous 
ulphate  in  a  test-tube  add  a  hot  solution  of  phosphate  of 

'■  odium,  and  a  little  of  a  solution  of  bicarbonate  of  sodium ; 
he  lower  phosphate  of  iron,  ferrous  phosphate  (Fe32P04), 

'  i  precipitated  (Ferri  Phosphas,  B.P.). 

3FeS04    +       2Na2HP04     +       2NaHC03  = 

Ferrous  sulphate.       Phosphate  of  sodium.         Bicarbonate  of  sodium. 

Fe32PO,      +      3Na2S04      +      2H20      +  2C02 

errous  phosphate.      Sulphate  of  sodium.  Water.        Carbonic  acid  gas. 

Officially,  solutions  of  3  ounces  of  sulphate  of  iron  in  30  of 
ot  water,  and  2f  of  phosphate  in  30  of  hot  water,  together 
ith  I  of  an  ounce  of  bicarbonate  of  sodium  dissolved  in 
little  water,  are  well  mixed,  filtered,  the  precipitate  well 
ashed  with  hot  water,  and,  to  prevent  oxidation  as  much 
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as  possible,  dried  at  a  temperature  not  exceeding  120°  F. 
These  proportions  will  be  found  to  fairly  accord  with  the 
molecular  weights  of  the  crystalline  salts,  multiplied  as  j 
indicated  in  the  above  equation.  3(FeS04,  7H20)  =  834: 
2(Na2HP04,  12HsO)  =  716;  2(NaHC03)  =  168.  This  re-  t 
action  also  occurs  in  making  Syrupnis  Ferri  Phosphatis, 
B.P. 

The  use  of  the  bicarbonate  of  sodium  is  to  ensure  the  ab- 
sence of  free  sulphuric  acid  in  the  solution.  Sulphuric  acid 
is  a  powerful  solvent  of  ferrous  phosphate.  It  is  impossible 
to  prevent  the  separation  of  sulphuric  acid,  if  only  the  834 
parts  of  ferrous  sulphate  and  716  parts  of  phosphate  of 
sodium  be  employed.  Ferrous  phosphate  is  white,  but  soon 
oxidizes  and  becomes  slate-blue.  The  official  salt  should 
contain  at  least  47  per  cent,  of  hydrous  ferrous  phosphate, 
Fe3(P04)2,  8H,0,  with  ferric  phosphate  and  some  oxide. 

Sulphide  of  Iron.   Ferrous  Sulphide. 

Fifth  Synthetical  Reaction— In  a  gas-flame  or  spirit-flame 
strongly  heat  sulphur  with  about  twice  its  weight  of  iron 
filings  in  a  test-tube  (or  in  an  earthen  crucible  in  a  furnace); 
ferrous  sulphide  (FeS)  is  formed.  When  cold,  add  water  to 
a  small  portion,  and  then  a  few  drops  of  sulphuric  acid  ; 
sulphuretted  hydrogen  gas  (H2S),  known  by  its  odour,  is 
evolved.    FeS  +  H2S04  =  FeS04  +  H2S. 

Sticks  of  sulphur  pressed  against  a  white-hot  bar  of  cast 
iron  give  a  pure  form  of  ferrous  sulphide.  The  liquid  sul- 
phide thus  formed  is  allowed  to  drop  into  a  vessel  of  water 
(Sulphide  of  Iron,  B.P.).  Or  melted  sulphur  may  be  poured 
into  a  crucible  full  of  red-hot  iron  nails,  when  a  quantity  of 
fluid  ferrous  sulphide  is  at  once  formed  and  may  be  poured 
out  on  a  slab. 

Green  Iodide  of  Iron.    Ferrous  Iodide. 

Sixth  Synthetical  Reaction.— Place  a  piece  of  iodine,  about 
the  size  of  a  pea,  in  a  test-tube,  with  a  small  quantity  of 
water,  and  add  a  few  iron  filings,  small  nails  or  iron  wire. 
On  gently  warming,  or  merely  shaking  if  longer  time  be 
allowed,  the  iodine  disappears  and,  on  filtering,  a  clear  light- 
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green  solution  of  iodide  of  iron  (Fel2)'  is  obtained.  On 
evaporation,  the  solid  iodide  remains. 

Solid  iodide  of  iron  contains  about  18  per  cent,  of  water  of 
crystallization  and  a  little  oxide  of  iron.  It  is  deliquescent 
and  liable  to  absorb  oxygen  from  the  air  with  formation  of 
insoluble  ferric  oxjnodide  or  hydrato-iodide.  Iodide  of  iron 
thus  spoilt  may  be  purified  by  re-solution  in  water,  addition 
i  of  a  little  more  iodine  and  some  iron,  warming,  filtering,  and 
i  evaporating  as  before.  Syrup  of  iodide  of  iron  which  has 
become  brown  may  usually  be  restored  by  immersing  the 
bottle  in  a  water-bath  and  slowly  warming. 

Ferrous  Bromide  (FeBr2),  occasionally  used  in  medicine, 
i  could  be  made,  as  might  be  expected,  in  the  same  way  as  the 
iodide. 

FERRIC  SALTS,  ETC. 
Anhydrous  Perchloride  of  Iron.    Ferric  Chloride. 

Seventh  Synthetical  Reaction. — Pass  chlorine  (generated 
Ifrom  black  oxide  of  manganese  and  hydrochloric  acid  in  a 
!  flask)  through  strong  sulphuricacid  contained  in  a  small  bottle, 
cand  thence  by  the  ordinary  narrow  glass  tubing  quite  to  the 
I  bottom  of  9.  test-tube  containing  twenty  or  thirty  small  iron 


PREPARATION  OP  AlfHTDIlOUS  FEItlUC  CHLORIDE. 

tacks  (or  a  Florence  flask  containing  2  or  3  ounces — see  fig. 
31),  the  latter  kept  hot  by  a  gas-flame  ;  the  higher  chloride 
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of  iron,  ferric  chloride,  or  the  perchloride*  of  iron  (Fe2Cl6)  is 
formed  and  condenses  in  the  upper  part  of  the  tube  or  flask 
as  a  mass  of  small,  dark,  iridescent  crystals.  When  a  toler- 
ably thick  crust  of  the  salt  is  formed,  break  off  the  part  of 
the  glass  containing  it,  being  careful  that  the  remaining 
corroded  tacks  are  excluded,  and  place  it  in  ten  or  twenty 
times  its  weight  of  water;  the  resulting  solution,  poured  off 
from  any  pieces  of  glass,  is  a  pure  neutral  solution  of  ferric 
chloride,  and  will  be  serviceable  for  analytical  reactions. 

Precaution.-The  above  experiment  must  be  conducted  in 
the  open  air,  or  in  a  cupboard  having  a  draught  o^ards 

Anhydrous  Ferrous  Chloride  .-In  breaking  up  the  vesse^ 
scaly  crystals  of  this  substance  (FeCl2)  of  a  light-buff 
colour,  will  be  observed  adhering  to  the  nails. 

^.-Solution  of  ferric  chloride  evo  ves  some  hydro- 
chloric acid  on  boiling,  while  a  darker-coloured  solution  of 

Srte  oi ^chlorine;  total  162-5.    And  as  56  parts  of  iron  are 
ndicated  by  the  symbol  Fe,  and  106-5  of  ch  orme  by  the 
svmbol  and  figure  <L  the  formula  for  feme  chloride  will,  so 
%    be  FeClf  But  equal  volumes  of  gases  and  vapours 
{ontJn  equal  numbersof  molecules  (see  p.  52).    A  volume 
wS  if  water  vapour,  weighs  18  grains  ^«»| 
wAio-h  17  grains  -  or,  if  carbonic  acid  gas,  44  giams,  ana,  n 
^ctloi^oHron  Apaur,  325  grains  And 
tive  volumes  contain   equal  numbers  « *  e^u°reS 
molecule  of  each  will  be  represented  b the same ny» 
respectively    That  is  tc .Bay 'the  equal  ^^nd%he 
weight  as  the  figures  18,  17  44  ana  ^  ' 
volumes  containing  equal  numbers  of  "^^^££2 
tive  molecules  themselves  will  differ  m  ^*£^f22 
18,  17,  44  and  325  differ.    The  formula  H  O  repwenta .  t 

18  parts  of  water  «  ™ ■  it  acid  gas,  or  one 
or  one  molecule  bU2,  tne  44  oi  w*  ^Miloride  of  iron 
molecule ;  and  the  325  parts  by  weight  of  perchlonde 

.  The  prefix  Ver  (and  «  ^^%ff^ti£S!  9 
hvver,  over  or  above,  and  simply  means  the  mgnesi 
perchloride,  the  highest  chloride. 
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can  only  be  represented  by  the  formula  Fe2Cl6 ;  for  FeCl3 
would  only  represent  half  the  number  thus  obtained  by 
actual  experiment.  Hence  Fe2Cl6  is  the  formula  for  a  mole- 
cule of  perchloride  of  iron  and  not  FeCl3 — at  all  events  at 
the  temperatures  of  the  experiments  (320°  to  440°  C). 

Green  Chloride  of  Iron.    Hydrous  Ferrous  Chloride. 
Solution  of  Hydrous  Ferric  Chloride. 

Eighth  Synthetical  Reaction.—  Dissolve  iron  tacks  or  wire, 
in  a  test-tube,  -in  hydrochloric  acid ;  hydrogen  escapes,  and 
the  solution  on  cooling,  or  on  evaporation  and  cooling,  de- 
posits crystallized  ferrous  chloride,  containing  four  mole- 
cules of  water  of  crystallization  (Fe012,  4H20).  A  syrup  of 
ferrous  chloride  is  official  (Syrupus  Ferri  Subchloridi, 
B.P.). 

Through  a  portion  of  the  solution  of  ferrous  chloride  pass 

chlorine  gas ;  the  ferrous  chloride  becomes  ferric  chloride. 
s 

The  excess  of  chlorine  dissolved  by  the  liquid  in  this 
experiment  may  be  removed  by  ebullition ;  but  the  ferric 
chloride  is  liable  to  be  slightly  decomposed.  The  free 
chlorine  is  better  carried  off  by  passing  a  current  of  air 
through  the  liquid  for  some  time. 

Hydrous  Ferric  Chloride.    (The  Official  Process.) 

Ninth  Synthetical  Reaction. — To  another  portion  of  the 
solution  of  ferrous  chloride,  in  a  test-tube,  add  a  little  hydro- 
chloric acid ;  heat  the  liquid,  and  continue  to  drop  in  nitric 
acid  until  the  black  colour  it  first  produces  disappears ;  the 
resulting  reddish-brown  liquid  is  solution  of  ferric  chloride. 

6FeCl2  +  2HN03  +  6HC1  =  3Fe2Cl6  +  2NO  +  4H20 

Ferrous  Nitric       Hydrochloric        Ferric  Nitric  Water, 

chloride.  acid.  acid.  chloride.  oxide. 

The  black  substance  is  a  compound  of  nitric  oxide  gas 
(NO)  with  some  ferrous  salt :  it  is  decomposed  by  heat. 

This  is  the  process  for  producing  the  Liquor  Ferri  Per- 
chloridi  Fortior,  B.P.,4  ounces  of  iron  wire,  20|  fluid  ounces 
of  hydrochloric  acid,  If  of  nitric  acid,  and  sufficient  water 
being  employed,  and  the  product  boiled  down  to  Yl\  fluid 
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ounces.  Practically  it  is  impossible  so  to  apportion  the 
acids  that  a  solution  shall  result  containing  neither  excess  ot 
acid  nor  of  metal,  nor  contain  ferric  nitrate.  i  or  most 
medicinal  purposes,  however,  solution  of  perchloride  of  iron 
containing  hydrochloric  acid  is  said  to  be  unobjectionable. 
On  the  large  scale  some  time  may  be  saved  by  adopting  the 
official  plan  of  adding  the  acid  solution  of  ferrous  chloride  to 
the  nitric  acid.  .  , 

Diluted  to  four  times  its  bulk  by  water,  this  strong  solu- 
tion gives  the  Liquor  Ferri  Perchloridi,  B.P  -or  1  volume 
with  1  of  spirit,  and  sufficient  water  to  produce  4  volumes, 
o-ives  the  Tinctura  Ferri  Perchloridi,  B.P.  _ 

Note  -The  spirit  in  the  latter  preparation  is  unnecessary, 
useless,  and  deleterious;  for  it  acts  neither  as  a  special 
solvent  nor  as  a  preservative-the  offices  usually  performed 
by  alcohol  {Tinctura  et  Sued,  B.P.)-but  unless  he  liqu  d 
contain  excess  of  acid,  decomposes  the  ferric  chloride  and 
causes  the  formation  of  an  insoluble  oxy  chloride  of  non. 
Even  if  the  tincture  be  acid,  it  slowly  loses  colour,  ferrous 
chloride  and  chlorinetted  ethereal  bodies  being  formed  lhe 
Liquor,  which  is  similar  in  strength,  is  doubtless  destined  to 

yellow  crystals  composed  of  ,01  12H20,  or,  rarely,  red 
crystals,  having  the  formula  Fe201G  5J±2U. 

Persulphate  of  Iron.    Ferric  Sulphate. 

Tenth  Synthetical  Reaction.  -Dissolve  about  three-quarters 
of  an  ounce  of  ferrous  sulphate  and  a  sixth  of  its  weight  of 
sulphuric  acid  in  an  ounce  and  a  half  of  water  in  an  evapor- 
ating dish,  heating  the  mixture  and  dropping  m  nitric  acid 
until  the  black  colour  it  first  produces  disappears  The 
resulting  liquid,  when  made  of  a  certain  prescribed  strong  h, 
is  the  solution  of  ferric  sulphate,  or  higher  sulphate,  Solu 
tion  of  Persulphate  of  Iron"  of  the  British  Pharmacopoeia,  a 
heavy,  dark-red  liquid. 

ereso,  +  3B,sot  +  shno,  =  WjgV  +  ■»  +  *5fl 

Ferrous  Sulptmrio  Njtno  oxide. 

"ite  black  colour,  M  in  the  P^l™-  ,r  X 0> 

compound  ot  ferrons  salt  with  Drtno  ozide  (2FeS0<  +  t<u,. 
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The  definite  official  solution  of  ferric  sulphate  {Liquor 
Fcrri  Persulphatis,  B.P.)  is  made  by  adding  6  fluid  drachms 
of  sulphuric  acid  to  half  a  pint  of  water,  warming,  dissolving 
8  ounces  of  crystals  of  sulphate  of  iron  in  the  liquid,  then 
pouring  it  into  nitric  acid  (6  fluid  drachms  or  rather  more) 
slightly  diluted,  until  the  mixture  turns  to  a  reddish  colour, 
and  ruddy  nitrous  vapours  cease  to  be  produced.  The  whole 
should  measure  11  fluid  ounces,  being  diluted  or  further 
evaporated,  as  the  case  may  be,  to  this  bulk. 

Note. — In  reactions  in  which  iron  passes  from  ferrous  to 
ferric  condition  it  assumes  different  properties ;  the  atoms  of 
the  metal,  as  we  believe,  passing  from  bivalent  to  trivalent 
activity. 

Ferric  Oxy hydrate,  or  Hydrated  Oxide  of  Iron. 

Eleventh  Synthetical  Reaction. — Pour  a  portion  of  the  solu- 
tion of  ferric  sulphate  into  excess  of  solution  of  soda ;  moist 
ferric  hydrate,  Fe26HO,  is  precipitated.  Wash  the  precipi- 
tate by  decantation  or  on  a  filter,  and  dry  it  on  a  plate  over 
boiling  water;  ferric  oxyhydrate,  Fe202(H.O)2,  [Ferri  Per- 
i  oxidum  Hydratum,  B.P.)  remains.  When  rubbed  to  a  fine 
powder,  it  is  fit  for  medicinal  use. 

Fe23SO.t    +    6NaHO    -    Fe26HO +  3Na2S04 

Ferric  sulphate.  Soda.  Ferric  hydrate.       Sulphate  of  sodium. 

Fe26HO    =    Fe2022HO    +  2H20 

Ferric  hydrate.        Ferric  oxyhydrate.  "Water. 

Either  of  the  other  alkalies  (potash  or  ammonia)  will  pro- 
duce a  similar  reaction ;  but  soda  is  cheapest. 

Ferric  hydrate  is  an  antidote  to  arsenic  if  administered 
directly  after  the  poison  has  been  taken.  It  converts  the 
soluble  arsenic  (As203)  into  insoluble  ferrous  arseniate  : — 

2  (Fe26HO)  +  As808 -  F632ASO.J  +  5H20  +  Fe2HO. 

[Dried  ferric  hydrate  (then  become  an  oxyhydrate,  Fe2022HO) 
has  less  action  on  arsenic.    Even  the  moist  recently  prepared 

; hydrate  (Fe26HO)  loses  much  of  this  power  as  soon  as  it 

ihas  become  converted  into  an  oxyhydrate  (Fe4036HO),  a 
change  which  occurs  though  the  hydrate  be  kept  under 

-water  (W.  Procter,  jun.).  "According  to  T.  and  H.  Smith, 
tnia  decomposition  occurs  gradually,  but  in  an  increasing 
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ratio-  so  that  after  four  months  the  power  of  the  moist 
S^'ifl^duSl  to  one-half,  and  after  five  months  to  one- 
ourth  Now  the  mere  loss  of  water  is  not  usually  followed 
by  any  alteration  of  the  essential  chem  cal  P^^* 
compound  It  would  seem,  therefore,  that  feme  hydiate 
compound.  ±i ,w         „    '    obabiy  suffers,  on  standing, 

^hydrochloric  acidf  tartaric  acid    citric  ac^  an  - 

tartrate  of  potassium  than  ^^^J^Z^ 

exhibiting  ferric  h7^at°  ^ft^^f  *  the  0xyhydrate 
ferric  oxide  and  water  (Fe203,  3H20)   ortne  oxy y 
,FeOo2HO)   as  a  similar  combination  (le2U3,  ±i2u;, 
ipplrfntiy, 'for  these  and  other  reasons,  scarcely  correct, 

Peroxide  of  Iron.    Ferric  Oxide. 

The  ahove  °^«,/p°f — -  ^  ^ 
S^^tdlr^d^e  peieof  iron 

The  si*  -ivalent  of  tte  ^^8^ 

racteristic  elements  of  all  M'f'»>.Me '  ™  '  JBut  between 
sive  steps,  split  up  into  wat «  ^  ^ be  another  0Iy. 
the  hydrate  and  oa.de  there  f™*'^mJ0";  and  snch  a 
hydrate  in  whieh  only  2HO  i  <fPf™cl  "I  brown  ir011  ore. 
impound  is  well  known;  ,t  »     variety  tfbr. 

tt  "  Fe'"2  6HO 

"  Ferri  Peroxidum  Humidum      .    .    •    •    -pew  q"  4HO 

A  variety  of  ^°^™Jr^»  (needle  ore)  Fe"'20"22HO 
"  Ferri  Peroxidum  Hydratum    v11*30-'*       1  ^*  ^ 

Ferric  Oxide   ' 

The  moist  ferrio  hydrate,  au  already 
some  months,  even  under  water  loses  tn e 

SSMSSWr      &  w&  is  7X 
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By  ebullition  with  water  for  seven  or  eight  hours,  ferric 
hydrate  is  decomposed  into  water,  and  an  oxyhydrate  having 
the  formula  Fe4H207  (Saint-Grilles),  which  is  either  a  mix- 
ture of  the  official  oxyhydrate  (Fe2022HO)  with  ferric  oxide 
(Fe203)  or  a  definite  intermediate  body  (Fe4052HO).  The 
relation  of  these  bodies  to  each  other  will  be  apparent  from 
the  following  Table,  in  which,  for  convenience,  the  formulae 
of  ferric  hydrate  and  oxide  are  doubled  : — 

Ferric  hydrate  (and  as  stalactite)      .    .    .  Fe4  12HO 

Kilbride  mineral  (?)   Fe4OlOHO 

Brown  iron  ore  (Huttenrode  and  Raschau)  Fe4  028HO 

Old,  or  frozen,  ferric  hydrate  (and  limonite)  Fe4  036HO 

Ferric  oxyhydrate  (B.P.)  (and  gothite)  .    .  Fe4  044HO 

Boiled  ferric  hydrate  (and  turgite)    .    .    .  Fe4  052HO 

Ferric  oxide  (red  haematite,  etc.)  ....  Fe4  06 

A  ferric  oxycarbhydrate  (Fe4OC038HO)  has  been  obtained. 

The  official  ferric  oxyhydrate  (Fe2022HO)  was  formerly 
made  by-  mixing  solutions  of  ferrous  sulphate  and  carbonate 
of  sodium  and  exposing  the  resulting  ferrous  carbonate  to 
the  air  until  it  was  nearly  all  converted  into  ferric  oxyhy- 
drate ;  hence  its  old  name,  still  sometimes  seen  on  shop 
bottles,  of  Ferri  Carbonas  and  Ferri  Subcarbonas.  Possibly 
it  sometimes  contained  a  little  of  the  oxycarbhydrate  just 
mentioned. 

Ferric  Oxide.    (Another  Process.) 

Twelfth  Synthetical  Reaction. — Roast  a  crystal  or  two  of 
ferrous  sulphate  (mixed  with  a  little  sulphur  to  aid  the 
reduction)  in  a  small  crucible  until  fumes  cease  to  be  evolved ; 
the  residue  is  a  variety  of  ferric  oxide  (Fe203),  or  peroxide  of 
iron,  known  in  trade  as  red  oxide  of  iron,  colcothar,  crocus, 
rouge  (mineral),  Venetian  red,  etc.  It  has  sometimes  been 
used  in  pharmacy  in  mistake  for  the  official  oxyhydrates 
(vide  11th  Synthetical  Reaction),  from  which  it  differs  not 
only  in  composition  but  in  the  important  respect  of  being 
almost  insoluble  in  acids. 

Acetate  of  Iron.    Ferric  Acetate. 

Thirteenth  Synthetical  Reaction.—  Digest  recently  washed 
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and  drained  ferric  hydrate  in  glacial  acetic  acid  ;  feme 
acetate,  Fe2602H302,  is  produced. 

Fe26HO  +  6HC2H302  =    Pe26C2H302  +  6H20 

Ferric  hydrate.      Acetic  acid.  Ferric  acetate.  Water. 

When  the  ferric  hydrate  of  this  reaction  is  prepared  from 
five  fluid  parts  of  the  official  solution  of  persulphate  of  iron 
(P  169),  and  is  dissolved  in  three  fluid  parts  oi  liquefied 
Sacial  acetic  acid,  the  whole  being  diluted  with  water  to 
gn  fluid  parts,  the'produc,t  is  Liquor  Fern  ^f^Toi 
B.P.  One  fluid  part  of  this  Strong  Solution  of  Acetate  o 
Iron  diluted  with  water  to  four  fluid  parts  gives  the  official 
Solution  of  Acetate  of  Iron,  Liquor  ^^.^3 
fluid  parts  of  the  strong  solution,  one  of  acetic  acid  five  ot 
rectified  spirit,  and  sufficient  water  to  produce  twenty  fluid 
parts,  give  the  Tinctura  Ferri  Acetatis,  B.P. 

The  "  Scale "  Compounds  of  Iron. 

Fourteenth  Synthetical  ifcacfion.-Repeat  the  eleventh  re- 
action, introducing  a  little  solution  of  citric  or -tartaric .acid 
or  acid  tartrate  of  potassium,  before  adding  to  the  alkali 
(soda,  potash,  or  ammonia),  and  notice  that  now  no  precipi- 
tation of  ferric  hydrate  occurs.    This  experiment  serves 
illustrate  not  the  manufacture  of  a  scale  compound,  but  he 
chemistry  of  the  manufacture.     The  effect  is  due  to  the 
oration"  of  double  compounds,  termed 
Potassio-Citrate,  Ammonio-Tartrate,  Potassio-Tartrate  and 
fimSsodiuxn  compounds  of  Iron  which  ™^ 

^tioS^ently  prepared  ^.^J^^ 
all  alkaline  sulphate  has  been  washed),  and  the  respecme 

^ration,  known  m  «rr*  H  ~  ^^'b.P 

isrss«ta  ss  -  — - 
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citrate  of  quinine  yields,  by  similar  treatment,  the  well-known 
scales  of  Ferri  et  Quinince  Citras,  B.P. 

Specimens  of  these  substances  may  be  prepared  by  attend- 
ing to  the  following  details.  It  is  essential,  first,  that  the 
ferric  hydrate  be  thoroughly  washed,  or  an  insoluble  oxysul- 
phate  will  be  formed ;  secondly,  that  the  ferric  hydrate  be 
rapidly  washed,  or  an  insoluble  ferric  oxyhydrate  will  be 
produced;  thirdly,  that  the  whole  operation  be  conducted 
quickly,  or  reduction  to  green  ferrous  salt  will  occur ; 
fourthly,  that  the  solutions  of  the  salts  be  not  evaporated 
at  a  higher  temperature  than  that  stated,  or  decomposition 
will  take  place ;  and,  fifthly,  that  excess  of  ferric  hydrate 
be  employed. 

In  the  pharmacopoeial  process  for  the  three-scale  com- 
pounds, the  ferric  hydrate  is  in  each  case  freshly  made  from 
solution  of"  ferric  sulphate  by  precipitation  with  solution  of 
ammonia : — 

Fe23S04  +  6NH4HO  =  Fe26HO  +  3  (NH4)2S04 

Ferric  Hydrate  of  Ferric  Sulphate  of 

sulphate.  ammonium.  hydrate.  ammonium. 

the  solution  of  ferric  sulphate  being  made  of  a  definite 
strength  from  a  known  weight  of  ferrous  sulphate.  The 
reason  for  adopting  this  course  is,  that  ferric  hydrate  is  un- 
stable and  cannot  be  weighed,  because  it  cannot  be  dried 
without  decomposing  and  becoming  insoluble,  as  explained 
under  the  11th  Reaction.  This  definite  solution  of  ferric 
sulphate  {Liquor  Ferri  Persulphatis,  B.P.)  is  made  as  already 
described  (see  p.  169). 

Ferri  et  Ammonii  Citras,  B.P.— Ferric  hydrate  is  dissolved 
in  solution  of  citric  acid,  ammonia  added,  and  the  whole 
evaporated  to  dryness. 

To  prepare  the  ferric  hydrate,  dilute  ten  fluid  ounces  of 
the  above  solution  of  ferric  sulphate  with  about  a  quart 
of  water  ;  pour  this  into  two  or  three  pints  of  water  con- 
taining excess  of  solution  of  ammonia — about  eight  fluid 
ounces  of  "  Strong  Solution  of  Ammonia,"  or  twenty-four 
ounces  of  "  Solution  of  Ammonia."  (If  the  opposite  course 
were  adopted — the  alkaline  liquid  poured  into  the  ferric 
solution — the  precipitate  would  contain  ferric  oxysulphate,  or 
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hydrato-sulphate,  which  interferes  with  the  brilliancy  of  the 
scales.)    Thoroughly  stir  the  mixture  (it  will  smell  strongly 
of  ammonia  if  enough  of  the  latter  has  been  used),  allow 
the  precipitate  to  subside,  pour  away  the  supernatant  liquid, 
add  more  water,  and  repeat  the  washing  until  a  little  oi  the 
liquid  tested  for  by-product  (sulphate  of   ammonium)  by 
solution  of  chloride  or  nitrate  of  barium  ceases  to  give  a  • 
white  precipitate  (sulphate  of  barium)     Collect  the  ferric 
hydrate  on  a  filter,  drain,  and  add  it,  while  still  moist  to  a 
solution  of  four  ounces  of  citric  acid  m  four  of  water,  placed 
in  an  evaporating-basin  over  a  water-bath  ;  stir  frequently, 
until  nearly  the  whole  of  the  hydrate  has  dissolved,  or  until 
the  acid  is  fully  saturated  with  the  hydrate  and  some  of  the 
latter  remains  insoluble.    To  the  mixture  when  cold  add 
nearly  two  fluid  ounces  of  strongest  (or  five  and  a  half  of 
weak)  solution  oi  ammonia,  filter,  evaporate  over  a  watei- 
bath  to  the  consistence  of  syrup,  thinly  spread  on  pau es  of 
trlass  and  dry  (at  a  temperature  not  exceeding  100  -b  .).  me 
product  scaks  off  the  glass  in  deep-red  transparent  lamina,. 
P  Ferri  et  Quinince  Citras,  B.P.-Ferric  hydrate  and  puie 
quinine  are  dissolved  in  solution  of  citric  aad,  ammonia 
added   and  the  whole  evaporated  to  dryness.     The  pio 
duct  contains  citrate  of  iron,  citrate  of  quinine,  and  citrate 

°f  TheTeiSrhydrate  is  obtained  from  four  and  a  half  fluid 
ounces  of  "he  solution  of  ferric  sulphate,  with  all  the  pre- 
cXns  described  in  the  previous  paragraph,  a  proportionate 
quantity  of  ammonia  being  employed.  ^mre  the 

While  the  ferric  hydrate  is  being  washed,  piepaie  rue 

quin  ne  is  precipitated    that  is,  nntu  , 
Lreugh  agitation,  {^£"£^^55  adhering 

about  a  pint  and  a  half  of  distilled  water. 

(It  mll  b,  »b.e™a  that  a».P*sS\Ki&  IS  KS'tafi 
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soluble  sulphate — or,  indeed,  any  similar  soluble  salt — has  its  acidulous 
constituent  removed  by  the  superior  affinity  of  the  basylous  radical  in 
ammonia,  or  other  alkali,  an  insoluble  precipitate  and  a  new  soluble 
sulphate  being  formed.    The  latter  is  washed  away,  leaving  the  former 
pure.    In  such  manipulations,  when  economy  has  to  be  practised,  soda 
;  is  the  alkali  generally  employed.    Ammonia,  however,  has  the  advantage 
.  of  showing  the  moment  when  its  work  of  removing  an  acidulous  radical 
i  is  completed ;  for  the  salts  which  ammonium  forms  with  such  acidulous 
i  radicals  as  those  represented  by  the  formulae  S04,  CI,  N03,  and  C2H30.2 
I  are  inodorous,  while  ammonia  has  a  powerful  odour  ;  so  long,  therefore, 
I  as  the  salt  to  be  decomposed  is  not  wholly  attacked,  the  addition  of 
;  ammonia  does  not  give  an  ammoniacal  odour  to  the  mixture,  the 
I  ammonia,  as  such,  being,  in  fact,  destroyed ;  but  when  the  work  is  ac- 
i  complished,  the  quantity  of  ammonia  last  added  remains  as  ammonia, 
i  and  communicates  its  natural  smell  to  the  liquid.) 

The  ferric  hydrate  and  quinine  being  now  washed  and 
drained,  dissolve  the  former,  and  afterwards  the  latter,  in  ■  a 
-solution  of  three  ounces  of  citric  acid  in  five  of  distilled 
i  water,  the  acid  liquid  being  warmed  over  a  water-bath,  and 
[portions  of  the  precipitates  stirred  in  as  fast  as  solution  is 
eeffected.  "  Let  the  solution  cool,  then  add,  in  small  quantities 
aat  a  time,  twelve  fluid  drachms  of  solution  of  ammonia  diluted 
vwith  two  fluid  ounces  of  distilled  water,  stirring  the  solution 
tbriskly,  and  allowing  the  quinine  which  separates  with  each 
^addition  of  ammonia  to  dissolve  (in  the  acid)  before  the  next 
\addition  is  made  (excess  of  ammonia  must  be  avoided,  or  the 
[quinine  will  be  precipitated).  Filter  the  solution,  evaporate 
:to  the  consistence  of  a  thin  syrup,  and  then  dry  in  thin  layers 
■on  flat  porcelain  or  glass  plates  at  a  temperature  of  100°F. 
ERemove  the  dry  salt  in  flakes,  and  keep  it  in  a  stoppered 
Ibbottle." 

'  Ferritin  Tartamtum,  B.P.  (Ferri  et  Potassii  Tartras1 
IU.S.P.). — Ferric  hydrate  is  dissolved  in  solution  of  acid 
tartrate  of  potassium,  and  the  whole  evaporated  to  dryness. 

The  ferric  hydrate  obtainable  from  six  fluid  ounces  of  the 
■  official  solution  of  ferric  sulphate  by  the  action  of  ammonia, 
in  the  manner  detailed  in  the  previous  paragraphs,  is  mixed 
:^in  a  mortar),  while  still  moist  but  well  drained,  with  two 
ounces  of  acid  tartrate  of  potassium.    The  whole  is  set 
iside  for  about  twenty-four  hours,  occasionally  triturated 
'  to  promote  contact  and  reaction  of  the  molecules  (other- 
wise somewhat  sluggish  in  attacking  each  other),  and  then 
heated  in  a  dish  over  a  water-bath  to  a  temperature  not 
3xceeding  140°  F. ;  a  pint  of  distilled  water  is  then  added, 
aid  the  mixture  kept  warm  until  nothing  more  will  dissolve  ; 
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filtered,  evaporated  at  a  temperature  not  exceeding  140° F. 
(greater  heat  causes  decomposition),  and,  when  the  mixture 
has  the  consistence  of  syrup,  spread  on  panes  of  glass  and 
allowed  to  dry  (in  any  warm  and  open  place  shown  by  a 
thermometer  to  be  not  much  hotter  than  100°  F.).  The  dry 
salt  is  thus  obtained  in  flakes.  It  should  be  kept  m  well- 
closed  bottles.  .       . . 

The  foregoing  are  the  only  official  scale  preparations  ot  iron. 
Many  others  of  similar  character  might  be  formed,  lne 
Citrate  dissolves  slowly  in  cold  but  readily  m  warm  water. 
Few  crystallize  or  give  other  indications  of  definite  chemical 
composition.    Their  properties  are  only  constant  so  long  as 
they  are  made  with  unvarying  proportions  of  constituents. 
Want  of  chemical  compactness,  the  loose  state  in  which  tne 
iron  is  combined,  precludes  their  recognition  as  well-denned 
chemical  compounds,  yet  possibly  enables  them  to  be  more 
readily  assimilated  as  medicines  than  some  of  the  more 
definite  ferrous  and  ferric  salts.    A  definite  ferrous  tartrate 
(FeCJIA)  and  ferrous  citrate  (FeHC6H507,   H20)  have 
been  obtained  by  reaction  of  iron  and  acid  m  hot  water. 
They  occur  as  white  gritty  masses  of  microscopic  crystals 
A  lodio-ferrous  citrate  (FeNaC6H507)  and  Injdrato-ntraU 
(FeNa2HOCBHB07)  may  be  obtained  in  scales.    In  the  United 
States "Pharmacopoeia  Ferri  et  Ammonii  Tartras  is  included 
Ferric  phosphate  (Fe22P04),  when  freshly  precipitated    s  ■ 
soluble  in  solutions  of  citrates  of  the  alkali-nietals,  and  the 
mixtures  on  evaporation  on  glass  plates  yield  scales 

Wine  of  iron,  or  "  Steel  »  wine  {Vinum  Ferri  B.P.),  made 
by  digesting  iron  wire  in  sherry  wine,  probably  contains  a 
'little  tartrate  of  potassium  and  iron  and  other  iron salts 
formed  by  action  of  the  metal  on  the  small  quantities^ o acid 
tartrate  of  potassium  and  tartaric,  citric  malic  and ^cetiQ 
acids  present  in  the  wine.  Vinum  Fern  Oitratis,  B.P.,  is  a 
solution  of  ammonio-citrate  of  iron  m  orange  wine. 

Pernitrate  of  Iron.    Ferric  Nitrate. 

Fifteenth  Synthetical  Reaction.-?^  a  few  iron  tacks  in 
dilute  nitric  acid  and  set  aside  ;  solution  of  ferric  nitrate,  or 
pernitrate  of  iron,  is  formed  (Fe26NO;,). 

Fe2  +  8HN03  =  Fe26N03  +  4H20  + -2NO 

Nitric  acid        Ferric  nitrate.       Water.      N.tric  ox.de. 
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This  solution,  made  with  care  and  of  a  prescribed  strength, 
1  forms  the  Liquor  Ferri  Pernitratis,  B.P.    The  process  is  as 
follows : — Four  and  a  half  fluid  ounces  of  nitric  acid  are 
diluted  with  sixteen  ounces  of  distilled  water,  and  one  ounce 
of  iron  wire,  free  from  rust,  dissolved  in  the  mixture,  the 
I  latter  being  kept  cool  to  avoid  violence  of  action.  The 
1  liquid  is  finally  filtered  and  diluted  to  thirty  fluid  ounces. 

Ferric  nitrate  and  ferric  acetate  unite  to  form  various 
I  acetonitrates,  amongst  which  is  one  having  the  formula 
i  Fe2(C3H302)4N03HO,  4H20,  crystallizing  in  hard,  shining 
1  brownish-red  prisms. 

Reduced  Iron. 

Sixteenth  Synthetical  Reaction. — Pass  hydrogen  gas  (dried 
1  by  passing  over  pieces  of  chloride  of  calcium  contained  in  a 
itube,  or  through  sulphuric  acid  in  a  wash-bottle)  over  a  small 
t  quantity  of  4©rric  oxyhydrate  contained  in  a  tube  arranged 
1  horizontally  (a  test-tube  the  bottom  of  which  has  been  acci- 
dentally broken  serves  very  well),  the  oxyhydrate  being 
I  kept  hot  by  a  gas-flame;  oxygen  is  removed  by  the  hydrogen, 
; steam  escapes  at  the  open  end  of  the  tube,  and  after  a  short 
;time,  when  moisture  ceases  to  be  evolved,  metallic  iron,  in  a 
i  minute  state  of  division,  remains.    (See  fig.  32.) 

Fe203    +    3H2    =    Fe2    +  3H20 

Ferric  oxide.      Hydrogen.  Iron.  Water. 

While  still  hot,  throw  the  iron  out  into  the  air ;  it  takes 
:fire  and  falls  to  the  ground  as  oxide. 
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If  the  ferric  oxide  is  reduced  in  an  iron  tube  heated  by  a 
strong  furnace,  the  particles  of  iron  aggregate  to  some  extent, 
and,  when  cold,  are  only  slowly  oxidized  in  dry  air.  This 
latter  form  of  reduced  iron  is  Fer  re'duit,  or,  Quevenne  s  Iron, 
the  Ferri pulvis,or  Ferrum  Redactum,  B.P.— "a fine  greyish- 
black  powder,  strongly  attracted  by  the  magnet,  and  ex-  . 
hibiting  metallic  streaks  when  rubbed  with  firm  pressure  in 
a  mortar."  It  is  often  administered  in  the  form  of  lozenges 
(Trochisci  Ferri  Redacti,  B.P.),  gum  and  sugar  protecting 
the  iron  from  oxidation  as  well  as  forming  a  vehicle  for  its 

administration.  .      .  . 

jVbie  i  —The  spontaneous  ignition  of  the  iron  m  the  above 
experiment'  is  an   illustration  of  the  influence  of  minute 
division  on  chemical  affinity.     The  action  is  the  same  as 
occurs  whenever  iron  rusts,  and  the  heat  evolved  and  the 
amount  of  oxide  formed  are  not  greater  from  a  given  quantity 
of  iron  ;  but  the  surface  exposed  to  the  action  of  the  oxygen 
of  the  air  is,  in  the  case  of  this  variety  of  reduced  iron,  so 
enormous  compared  with  the  weight  of  the  iron,  that  heat 
cannot  be  conducted  away  sufficiently  fast  to  prevent  elevation 
of  temperature  to  a  point  at  which  the  whole  becomes  incan- 
descent.   In  the  slow  rusting  of  iron,  escape  of  heat  occurs, 
but  is  not  observed,  because  spread  over  a  length  of  time : 
in  the  spontaneous  ignition  of  reduced  iron,  the  whole  is 
evolved  at  one  moment.   The  mixture  of  lead  and  carbon  (lead 
pyrophorus)  resulting  when  tartrate  of  lead  is  heated  in  a 
test-tube  until  fumes  cease  to  be  evolved  spontaneously 
gnites  when  thrown  into  the  air,  and  for  the  same  reasom 
Many  substances,  solid  and  liquid,  if  sufficiently  finely  divided 
fnd  Hable  to  oxidation,  and  especially  i   exposed  in  a  warn 
rdace   become  hot  and  even  occasionally  burst  into  flame 
Siontaneo^sly.    Oil  on  cotton  waste,  powdered  charcoal,  coal 
SS if  pyritic,  porous,  or  powdered),  resins  m  powder, 
and  even  flour  and  hay,  are  familiar  illustrations  of  materials 
liable  to  "  heat,"  char,  or  even  burn  spontaneously 

Note 2.-The  student,  having  time  and  opportunity  for  the 
experiment,  is  advised  to  convert  this  sixteenth  re acti on  into 
Trou^ly  quantitative  one,  by  way  of  realizing  what  has  b  en 
stated  (see  again,  the  General  Princ  pies  of  Chem.cal  Philo- 
SjThv  pp  29-GO)  respecting  the  action  of  chemical  force  on 
Sie  weights  only  of  matter.  Three  tubes,  similar  to 
M  d  5  U  in  the  engraving,  should  be  preparedj 
t£e  second  being  connected  to  the  first,  and  the  thud  to  the 
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:  second,  by  india-rubber  tubing  in  the  usual  manner.  The 
I  first  tube  should  contain  pieces  of  chloride  of  calcium  to 
.  absorb  any  traces  of  moisture  not  retained  by  the  sulphuric 
:acid.    The  second  tube  (the  ends  of  the  small  tube  being 
•temporarily  closed  by  small  corks)  should  be  weighed  in  any 
cordinary  scales  which  will  turn  with  a  quarter  of  or  half  a 
tgrain,  and,  the  weight  being  noted,  160  grains  of  dry  ferric 
coxide  should  be  neatly  placed  in  the  middle  of  the  tube. 
(The  oxide,  before  being  weighed,  must  be  heated  gently  in  a 
jssmall  crucible  over  a  lamp  to  remove  all  traces  of  moisture.) 
ilThe  third  tube  should  contain  pieces  of  chloride  of  calcium  to 
;iabsorb  the  water  produced  in  the  reaction,  and  just  before 
Jtbeing  connected  should  be  weighed.    The  operation  is  now 
iecarried  out.    At  its  close,  and  when  the  middle  tube  is  cold, 
tthe  latter  tube  and  the  third  tube  are  again  weighed.  The 
ooxide-tube  should  weigh  48  grains  less  than  before,  and  the 
tterminal  tube  54  grains  more  than  before. 

Fe303    +    3H2    =    Fe2    +  3H20 

(112  +  48)  +       6      =    112    +  54 

IThe  operation  is  more  quickly  and  easily  performed  if  one- 
jhialf  or  one-quarter  of  the  weight  of  oxide  be  taken ;  in  that 
base  one-half  or  one-quarter  of  the  weights  of  iron  and  of 
(water  will  be  obtained.  Indeed  any  weight  of  oxide  may  be 
bmployed ;  the  amount  of  iron  and  water  resulting  will  be 
always  exactly  proportionate  to  the  weights  just  mentioned. 
DThus  16  parts  of  oxide  yield  11*2  of  iron  and  5-4  of  water, 
hron,  hydrogen,  and  oxygen,  always  combine  in  proportions  of 
5i)6,  of  1,  and  of  16  respectively.  Such  facts  justify  us  in  agree- 
nng  that  the  symbol  Fe  shall  stand  for  56  parts  by  weight  of 
rron,  H  for  1  part  by  weight  of  hydrogen,  and  0  for  16  parts 
>?y  weight  of  oxygen. 

Dialysed  Iron. 

"  Liquor  Ferri  Dialysatus,  B.P. — This  solution  of  Dialysed 
rron,  so  called,  is  a  solution  of  about  5  per  cent,  of  highly 
lasic  ferric  oxychloride  or  chloroxide  of  iron,  from  which  most 
if  the  acidulous  matter  has  been  removed  by  dialysis."    It  is 

a  clear  dark  reddish-brown  liquid,  free  from  any  marked 
ferruginous  taste."  Its  specific  gravity  is  about  1-047. 
Tide  "  Dialysis"  in  Index.) 


igq  the  metallic  radicals. 

Reactions  having  Analytical  Interest  (Tests). 
(The  iron  occurring  as  a  ferrous  salt.) 
First  Analytical  Reaction.-?™*  sulphuretted  hydrogen 
(H?S)   through  a  solution  of  a  ferrous  salt   (e.g.  ferrous 
sulphate)  slightly  acidulated  by  hydrochloric  acid  ;  no  pre- 
cipitate occurs.    This  is  a  valuable  negative  fact,  as  will  be 

evident  presently. 

Second  Analytical  Reaction.- Add  sulphydrate  of  ammo- 
nium (NH4HS)  to  solution  of  a  ferrous  salt ;  a  black  precipi- 
tate (ferrous  sulphide,  FeS)  falls. 

•     FeS04  +  2NH4HS=FeS  +  (NH4)2S04  +  HgS. 

Third  Analytical  Reaction-Add  solution  0/  ferrocyan^e  of 
potassium  (yellow  prussiate  of 

to  solution  of  a  ferrous  salt;  a  precipitate  (K2Fe  Fe  Cy?  or 
ilw'Fcy)  falls,  at  first  white  or  bluish  grey,  but  rapidly 
becoming  blue  owing  to  absorption  of  oxygen. 

Fourth  Analytical  Reaction.-To  a  for  reus  salt  add  fern 
cyanide  of  potassium  (red  pruss^te  of  potash,  K6Fe  Oy12 
or  KBFdcy);  a  precipitate  falls  (Fe"3Fe  '2Cy12,  or  Fe  3Fdc}) 
( Turnbuirs  blue)  resembling  prussian  blue  m  colour. 

^-Alkalies W,  «  —£'£  3 
precipitant  of  ferrous  salts,  hence  are  atao st  useless  ^ 

IrnXon,  remove  the  iron,  as  already  twee  seen  durmi 
the  performance  of  the  synthetical  experiments. 
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In  actual  analysis,  the  separation  of  iron  as  ferric  hydrate 
iis  an  operation  of  frequent  performance.  This  is  always 
; accomplished  by  the  addition  of  alkali,  after  (if  the  iron  occurs 
£as  a  ferrous  salt)  previous  ebullition  with  a  little  nitric 
jacid.  Ferrocyanide  and  ferricyanide  of  potassium  are  the 
rreagents  used  in  distinguishing  ferrous  from  ferric  salts. 

(The  iron  occurring  as  a  ferric  salt.) 

Sixth  Analytical  Reaction—  Through  a  ferric  solution 
,  (ferric  chloride,  e.g.)  pass  sulphuretted  hydrogen ;  a  white 
[precipitate  of  the  sulphur  of  the  sulphuretted  hydrogen  falls. 
IThe  ferric  is  simultaneously  reduced  to  a  ferrous  salt,  the 
Hatter  remaining  in  solution.  This  reaction  is  of  frequent 
■-occurrence  in  practical  analysis: — 2Fe3Clfi  +  2H2S  =  4FeCl2 
+  4HC1  +  S2. 

Seventh  Analytical  Reaction.—Add  sulphydrate  of  ammo- 
rmium  to  a  ferric  solution  ;  the  latter  is  reduced  to  the  ferrous 
<3tate,  and  a  black  substance  (ferrous  sulphide,  FeS)  is  pre- 
ocipitated  as  in  the  second  analytical  reaction,  sulphur  being 
-set  free. 

Eighth  Analytical  Reaction. — To  a  ferric  solution  add  ferro- 
ccyanide  of  potassium  (K4FeCy6,  or  K4Fcy"")  ;  a  precipitate 
oof  prussian  blue  (the  common  pigment)  occurs  (Fe"'43Fe"Cy6, 

corFe"'4Fcy3""). 

Ninth  Analytical  Reaction. — To  a  ferric  solution  add  solu- 
tion of  ferricyanide  of  potassium  ;  no  precipitate  occurs,  but 
'the  liquid  is  darkened  to  a  brownish  red,  or  to  a  greenish  or 
i  Dlive  hue,  if  the  salts  are  not  quite  pure. 

Tenth  Analytical  Reaction. — The  production  of  a  red  pre- 
cipitate (ferric  hydrate)  on  adding  alkalies  to  ferric  salts. 
Ir  is  identical  with  the  eleventh  synthetical  reaction. 

Note. — This  reaction  illustrates  the  conventional  character 
Df  the  terms  synthesis  and  analysis.    It  is  of  equal  import- 
ance to  the  manufacturer  and  the  analyst,  ami  is  synthetical 
ir  analytical  according  to  the  intention  with  which  it  is 
[performed. 

Other  ferric  reactions  have  occasional  analytical  iutcrest. 
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In  neutral  ferric  solutions  the  tannic  acid  in  aqueous  infusion 
of  galls  occasions  a  bluish-black  inky  precipitate,  the  basis 

of  most  black  writing-inks.  (The  Mistura  Ferri  Aromatica 

of  the  British  Pharmacopoeia,  made  by  digesting  metallic 
iron  in  an  infusion  of  various  vegetable  substances,  contains 
tannate,  or  rather  tannates  of  iron  ;  it  is  commonly  known  in 
Ireland  by  the  name  of  Heberden's  Ink,  after  the  physician 
by  whom  it  was  first  used.    It  contains  about  1  gram  of 

iron  in  1  pint.)  Sulphocyanate  of  Potassium  (KCyS) 

causes  the  formation  of  ferric  sulphocyanate,  which  is  of  a 
deep  blood-red  colour.  There  is  no  normal  ferric  carbonate  ; 
alkaline  carbonates  cause  the  precipitation  of  ferric  hydrate, 
whilst  carbonic  acid  gas  escapes. 

A^e.-Cyanogen  (ON,  or  Cy'),  ferro-cyanogen  (FeC6N6,  or 
FeCy6,  or  simply  Fey""),  and  ferri-cyanogen  (Fe2Cy12,  or 
Fdcf  0  are  radicals  which  play  the  part  of  non-metallic  ele- 
ments, just  as  ammonium  in  its  chemical  relations  resembles 
the  metallic  elements.    They  will  be  referred  to  again. 

Memorandum.-^  reader  must  on  no  account  omit  to 
write  out  equations  or  diagrams  expressive  of  each  oi  the 
reactions  of  iron,  analytical  as  well  as  synthetical  It  is 
assumed  that  this  has  already  been  done  immediately  after 
each  reaction  has  been  performed. 


DIRECTIONS  FOR  APPLYING  THE  FOREGOING  ANALYTICAL 
REACTIONS  TO  THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION 
OF  SALTS  CONTAINING  ONE  OF  THE  METALS,  ZINC, 
ALUMINIUM,  IRON. 

Add  solution  of  ammonia  gradually :— 

A  dirty-green  precipitate  indicates  iron  in  the  state  ot  a 

^TreVprecipitate  indicates  iron  in  the  state  of  a  ferric  salt. 

A  white  precipitate,  insoluble  in  excess,  indicates  the 
presence  of  an  aluminium  salt. 

A  white  precipitate,  soluble  in  excess,  indicates  zinc. 
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These  results  may  be  confirmed  by  the  application  of  some 
of  the  other  tests  to  fresh  portions  of  the  solution. 


TABLE  OF  SHORT  DIRECTIONS  FOR  APPLYING  THE  FORE- 
GOING ANALYTICAL  REACTIONS  TO  THE  ANALYSIS  OF  AN 
AQUEOUS  SOLUTION  OF  SALTS  OF  ONE,  TWO,  OB  ALL 
THREE  OF  THE  METALS,  ZINC,  ALUMINIUM,  IRON. 

Boil  about  half  a  test-tubeful  of  the  solution  with  a  few 
drops  of  nitric  acid.  This  insures  the  conversion  of  ferrous 
into  ferric  salts,  and  enables  the  next  reagent  (ammonia) 
completely  to  precipitate  the  iron.  Add  excess  of  ammonia, 
and  shake  the  mixture.  Filter. 


Precipitate 
Al  Fe  * 

Dissolve  in  HC1,  add  excess  of  KHO, 
stir,  filter. 

Filtrate 
Zn. 

Test  by  NH4HS 
(white  ppt.). 

Ppt. 
Fe 
(red  ppt.). 

Filtrate 
Al. 

Make  slightly  acid  by  HC1, 
and  add  excess  of  NH4HOf 
(white  ppt.). 

*  The  aluminium  precipitate  (Al26HO)  is  white,  the  iron  (Fe26HO)  red. 
I  If  the  precipitate  is  red,  iron  must  be  and  aluminium  may  be  present ;  if 
\  white,  iron  is  absent,  and  further  operations  on  the  ppt.  are  unnecessary. 

This  precipitate  (Al26HO  and  Fe26HO)  may  also,  if  sufficient  is  at 
i  disposal,  be  analysed  by  simply  well  shaking  a  washed  portion  in  a  tube 
1  with  solution  of  potash  or  soda ;  the  hydrate  of  iron  is  not  thereby 
3 affected,  while  the  hydrate  of  aluminium  is  dissolved,  and  may  be 
detected  in  the  clear  decanted  fluid  by  neutralizing  all  alkali  by  a  little 
excess  of  acid,  and  then  adding  excess  of  ammonia. 

f  Alumina,  when  in  small  quantity,  is  sometimes  prevented  from  being 
I  precipitated  by  ammonia  through  the  presence  of  organic  matter  derived 
:  from  the  filter  paper  by  action  of  the  potash.    In  cases  of  doubt,  there- 
ffore,  before  adding  ammonia  boil  the  liquid  with  a  little  nitric  acid,  which 
destroys  any  organic  matter.    Avoid  great  excess  of  ammonia. 

Note  1. — If  iron  is  present,  portions  of  the  original  solution 
imust  be  tested  by  ferricyanide  of  potassium  for  ferrous, 
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and  by  ferrocyanide  for  ferric  salts;  dark-blue  precipitates 
with  both  indicate  both  ferrous  and  ferric  salts. 

N0te  2. — If  no  ferrous  salt  is  present,  ebullition  with  nitric 
acid   is  unnecessary.     It   is  perhaps  therefore  advisable 
always  to  determine  this  point  previously  by  testing  a  little  . 
of  the  original  solution  with  ferricyanide ;  if  no  blue  precipi- 
tate occurs,  the  nitric-acid  treatment  may  be  omitted. 

Chart  for  all  Metals  hitherto  considered. 

The  following  Table  {vide  p.  185)  is  perhaps  the  best,  but 
not  the  only  adaptation  of  the  ordinary  reactions  to  syste- 
matic analysis.  In  it  the  analytical  scheme  for  the  third 
group  is  added  to  that  of  the  first  two  groups.  As  before, 
analysis  is  commenced  by  the  addition  of  chloride  of  ammo- 
nium to  prevent  partial  precipitation  of  magnesium,  and  by 
ammonia  to  neutralize  any  acid— for  acid  destroys  the  group- 
precipitant,  sulphydrate  of  ammonium,  preventing  its  useful 
action  and  causing  a  precipitation  of  any  free  sulphur  it  may 
contain.  Any  precipitate  by  the  ammonia  may  be  disre- 
garded, for  the  sulphydrate  attacks  both  solid  and  liquid. 

Note  —When  a  test  gives  no  reaction,  absence  of  the  body 
sought  may  fairly  be  inferred.  If  a  group-test  (that  is,  a  test 
which  precipitates  a  group  of  substances)  gives  no  reaction, 
the  analyst  is  saved  the  trouble  of  looking  for  any  of  the 
members  of  that  group. 


QUESTIONS  AND  EXEECISES. 

Name  the  chief  ores  of  iron.-How  is  the  metal  obtained  from  tbi 
ores  ?_What  is  the  chemical  difference  between  cast  iron,  wrought  iron, 
and  steel '-Explain  the  process  of  "  welding  "-What  is  the  nature  of 
chalybeate  waters  ?-Ulustrate  by  formula,  the  difference  between  ferrou 
and  ferric  salts—Under  what  different  circumstances  may  the  a to  0 
iron  be  considered  to  exert  bivalent,  trivalent,  and  sex.valent actiut> 
Write  a  paragraph  on  the  nomenclature  of  iron  salts  -Give  a  diagram  o| 
fhe  Sooess  for  the  preparation  of  ferrous  sulphate.    In  what  respecte  do 
Si Sial  Sulphate  of  Iron,  Granulated  Sulphate  of  Iron,  and  dried 
qntohate  of  Iron  ditto,'?  -How  is   ferrous  sulphate  obtained  on  ft* 
Se     cale  ?-Give   the   chemical  names  of  white,  green,  and  b  ue 
Sh-Why  does  ferrous  sulphate  become  brown  on  exposure  to  n  • 
S  ow  the  formation  of  Ferrous  Carbonate  by  a  diagram. -Describe  the 
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action  of  atmospheric  oxygen  on  ferrous  carbonate;  can  the  effect  be 
prevented  ?— In  what  order  would  you  mix  the  ingredients  of  Mistura 
Ferri  Composite,,  and  why  ?— Write  out  an  equation  illustrative  of  the 
formation  of  the  official  Phosphate  of  Iron.— Why  is  bicarbonate  of 
sodium  used  in  the  preparation  of  ferrous  phosphate  ?—  Name  four  com- 
pounds of  iron  which  may  be  formed  by  the  direct  union  of  their 
elements.— Give  the  official  method  for  the  preparation  of  bolution  of 
Ferric  Chloride.— Of  what  use  is  the  spirit  in  Tincture  of  Perchloride  of 
Iron '—How  may  Ferrous  be  converted  into  Ferric  Sulphate  ?— What  is 
the  formula  of  Ferric  Acetate  ?  and  how  is  it  prepared  for  use  in  phar- 
macy ?— Give  the  formula  for  Ferri  Feroxidum  Hydratum,  B.P.— tLow 
does  Ferric  Hydrate  act  as  an  antidote  to  arsenic  ?— What  are  the  proper- 
ties of  anhydrous  ferric  oxide?— What  are  the  general  characters  and 
mode  of  production  of  the  medicinal  scale  preparations  of  iron  ?— In  what 
state  is  the  iron  in  Vinum  Ferri,  B.P.?— What  other  form  of  Wine  of  Iron 
is  official?— Give  a  diagram  showing  the  formation .of  Ferric  Nitrate.— 
Work  out  a  sum  showing  how  much  ferric  oxide  will  yield,  theoretically, 
one  hundredweight  of  iron.    Ans.,  160  lbs.-Explam  the  action  of  the 
following  reagents  for  iron,  distinguishing  between  ferrous  and  ferric  reac- 
tions, and  illustrating  each  by  an  equation  or  a  diagram  :— a.  Sulphydrate 
of  ammonium,    b.  Ferrocyanide  of  potassium,  c  Ferricyanide  of  potas- 
sium,   d.  Caustic  alkalies,    e.  Sulphocyanate  of  potassium.-Descrbe 
the  action  of  ammonia  on  salts  of  iron,  aluminium,  and  zinc  respectively. 
—What  precautions  must  be  used  in  testing  for  calcium  a  solution  con- 
taining iron?-Howis  magnesium  detected  in  the  presence  of  zinc  ? - 
How  is  aluminium  detected  in  presence i  of  magnesium  P  » 

scheme  for  the  analysis  of  an  aqueous  liquid  containing  salt ;  o  ion 
barium,  and  potassium.-How  may  zinc,  magnesium,  and  ammonium  be 
consecutively  removed  from  aqueous  solution  ? 


ARSENIUM,  AND  STIBIUM  OR  ANTIMONY. 

These  elements  resemble  metals  in  appearance  and  in  the 
character  of  some  of  their  compounds;  but  they  are .  still 
more  closely  allied  to  the  non-metals  P^sphorus  and  mtro 
gen.  Their  atoms  are  quinquivalent  (As  ,  bb  ).  as  s^  " 
arsenic  anhydride  (As205)  and  pentachloride  o  ant.mon 
(SbCl6),  but  usually  exert  triva lent  activity  only ^(As  ,  bb  j, 
as  seen  in  the  hydrogen  and  other  compounds  (AsH3,  AsU3, 
lJ£r  *U).  The  hydrogen  compounds  of  the  four ^ember. 
of  this  group  have  the  formula*  NH„  PH3,  AsHs,  * 
?ew  preparations  of  these  two  elements  are  used  m  medicine, 
but  all  are  more  or  less  powerful  poisons,  and  hence  ha* 
considerable  toxicological  interest 

Arsenium  is  an  exception  to  the  rule  I  t  the -  atomic 
weights  (taken  in  grains,  grammes,  or  othei  v  * 
dements  under  similar  circumstances  of  temperature  and 
tZ^eJvc equal  volumes  of  vapour,  the  equivalent  we,ght 
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(75)  of  arsenium  only  occupying  half  such  a  volume.  Hence 
uvhile  the  molecular  weights  (that  is,  double  the  atomic 
'  weights)  of  oxygen  (02  =  32),  hydrogen  (H2  — 2),  nitrogen 

(N.2^28),  etc.,  give  a  similar  bulk  of  vapour  at  any  given 
:  temperature  and  pressure,  the  double  atomic  weight  of  arse- 
mium  (As2  =  150),  at  the  same  temperature  and  pressure,  only 
raffbrds  half  this  bulk.  It  would  appear,  therefore,  that  the 
imolecule  of  arsenium  contains  four  atoms,  and  that  its  formula 
iis  As4.  As  in  the  case  of  sulphur,  however,  arsenium,  in  the 
sstate  ordinarily  known  to  us,  may  be  abnormal,  and  condi- 
ttions  yet  be  found  in  which  the  molecular  weight  is  double 

(instead  of  quadruple)  the  atomic  weight. 

From  observed  analogy  'between  the  two  metals,  the  mole- 
ccular  constitution  of  stibium  is  probably  similar  to  that  of 
aar  senium. 


AESENIUM. 

Symbol,  As.    Atomic  weight,  75. 

Sources. — Arsenical  ores  are  frequently  met  with  in 
>Nature,  the  commonest  being  the  arsenio-sulphide  of  iron 
TeSAs).  This  "mispickel"  is  roasted  in  a  current  of  air,  the 
coxygen  of  which,  combining  with  the  arsenium,  forms  com- 
mnon  white  arsenic,  arsenious  oxide,  sometimes  called  anhy- 
drous arsenious  acid,  or,  better,  arsenious  anhydride  (As203, 
oor,  perhaps,  As406),  Acidum  Arseniosum,  B.P.,  which  is  con- 
densed in  chambers  or  long  flues.  It  commonly  "  occurs  as 
su  heavy  white  powder,  or  in  sublimed  masses,  which  usually 
1  present  a  stratified  appearance,  caused  by  the  existence  of 
Separate  layers,  differing  from  each  other  in  degrees  of 
ropacity."  The  vitreous  or  amorphous  arsenic  is  far  more 
soluble  than  the  crystalline  variety,  and  in  other  respects 
tbhey  differ  in  properties.  Such  differences  between  the 
tcrystalline  and  amorphous  varieties  of  an  element  or  com- 
xtound  are  not  infrequent :  they  have  not  yet  been  satisfac- 
torily explained.  Realgar  (red  algar)  is  the  red  native 
sulphide  (As2S2),  and  orpiment  (auripigmentlim,  the  golden 

lament),  the  yellow  native  sulphide  (As2S3)  of  arsenium. 
IThe  iodide  of  arsenium  (Asl3),  Arsenii  Iodidum,  B.P.,  may 
m  made  from  its  elements  or  by  dissolving  white  arsenic  in 

■queous  hydriodic  acid  and  evaporating.   It  occurs  in  "small 
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orange-coloured  crystals,  readily  and  almost  entirely  soluble 
in  water  and  in  rectified  spirit.  Its  aqueous  solution  has 
a  neutral  reaction,  and  gives  a  yellow  precipitate  with 
sulphuretted  hydrogen.  Heated  in  a  test-tube,  it  almost 
entirely  volatilizes,  violet  vapours  of  iodine  being  set  free." 
An  aqueous  solution  of  about  1  per  cent,  of  this  arsenious 
iodide  and  1  per  cent,  of  mercuric  iodide  forms  the  Liquor 
Arsenii  et  Hydrargyri  Iodidi,  B.P.,  or  Donovan's  Solution. 

Reactions  having  Synthetical  Interest. 

Alkaline  Solution  of  Arsenic. 

First  Synthetical  Reaction. — Boil  a  grain  or  two  of  pow- 
dered arsenic  (As303)  in  water  containing  a  little  carbonate  of 
potassium,  and,  if  necessary,  filter.  The  solution,  coloured 
with  compound  tincture  of  lavender,  and  containing  1  per 
cent,  of  arsenic,  forms  the  Liquor  Arsenicalis,  B.P.  (Folder's 
Solution). 

Note.— This  official  solution  does  not  generally  contain 
arsenite  of  potassium ;  for  the  arsenic  does  not  decompose 
the  carbonate  of  potassium,  or  only  after  long  boiling.  From 
concentrated  solutions  carbonic  acid  gas  is  more  quickly 
eliminated. 

Arsenious  Acid  and  other  Arsenites. 

Arsenic,  or  arsenious  anhydride  (the  so-called  arsenious 
acid),  when  dissolved  in  water  is  said  to  yield  true  arsenious 
acid  (H3As03),  the  arsenite«of  hydrogen. 

AsgOg    +    3H20    =  2H3As03 

Arsenious  anhydride.      Water.  Arsenious  acid. 

When  arsenic  is  dissolved  in  excess  of  solutions  of  potash 
or  soda,  arsenites  are  formed  having  the  formula?  KH2AsOs 
and  NaHoAs03>  Boiled  with  excess  of  arsenic,  one  molecule 
of  these  salts  combines  with  one  of  the  arsenic.  The  usual 
character  of  such  compounds  is  that  of  oily  alkaline  liquids. 

Arsenic  fused  with  alkaline  carbonates  yields  pyroarseni- 
ates  (Na.,As207  or  K,,As,07)  and  metallic  arsenium.  Arsen- 
ites have  the  general  formula  R'3As03. 
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Acid  Solution  of  Arsenic. 

Second  Synthetical  Reaction.—  Boil  arsenic  with  diluted 
hydrochloric  acid.  Such  a  solution  made  with  prescribed 
proportions  of  acid  and  water,  and  containing  1  per  cent,  of 
arsenic  (As203),  forms  the  Liquor  Arsenici  Hydrochloricus, 
B.P.  (De  Yalangirts  Solution  contains  a  grain  and  a  half 
per  ounce.) 

Note. — No  decomposition  occurs  in  this  experiment.  The 
liquid  is  simply  a  solution  of  arsenic  in  the  acid.  The  two 
solutions  may  be  preserved"  for  analytical  operations. 

Mem. — The  practical  student  should  boil  arsenic  in  water 
only,  and  thus  have  an  acid,  alkaline,  and  aqueous  solution 
for  analytical  comparison. 

Arsenium. 

Third  Synthetical  Reaction— Place  a  grain  or  less  oi 
arsenic  at  the  bottom  of  a  narrow  test-tube,  cover  it  with 
about  half  an  inch  or  an  inch  of  small  fragments  of  dry 
charcoal,  and  hold  the  tube,  nearly  horizontally,  in  a  flame, 
the  mouth  being  loosely  covered  by  the  thumb.  At  first  let 
the  bottom  of  the  tube  project  slightly  beyond  the  flame,  so 
that  the  charcoal  may  become  nearly  red-hot ;  then  heat  the 
bottom  of  the  tube.  The  arsenic  will  sublime,  become  de- 
oxidized by  the  charcoal,  carbonic  oxide  being  formed,  and 
the  element  arsenium,  sometimes  termed  arsenicum,  and  also 
formerly  called  arsenic,  be  deposited  in  the  cooler  part  of  the 
tube  as  a  dark  mirror-like  metallic  incrustation. 

There  is  a  characteristic  odour,  resembling  garlic,  emitted 
during  this  operation,  probably  due  to  a  partially  oxidized  trace 
of  arsenium  which  escapes  from  the  tube ;  for  arsenic  does 
not  give  this  odour  ;  moreover,  arsenium  being  a  freely  oxi- 
dizable  element,  its  vaporous  particles  could  scarcely  exist  in 
the  air  iu  an  entirely  unoxidized  state. 

Metallic  arsenium  may  be  obtained  in  large  quantities  by 
the  above  process  if  the  operation  be  conducted  in  vessels  of 
commensurate  size.  But  performed  with  great  care,  in 
narrow  tubes,  using  not  charcoal  alone,  but  black  flux  (a 
mixture  of  charcoal  and  carbonate  of  potassium  obtained  by 
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heating  acid  tartrate  of  potassium  in  a  test-tube  or  other 
closed  vessel  till  no  more  fumes  are  evolved),  the  reaction  has 
considerable  analytical  interest,  the  garlic  odour  and  the  for- 
mation of  the  mirror-like  ring  being  highly  characteristic  of 
arsenium.  Compounds  of  mercury  and  antimony,  however, 
give  sublimates  which  may  be  mistaken  for  arsenium. 

Arsen'ic  Acid  and  other  Arseniates. 

Fourth  Synthetical  Reaction. — Boil  a  grain  or  two  of 
arsenic  with  a  few  drops  of  nitric  acid  until  red  fumes  cease 
to  be  evolved ;  evaporate  the  solution  in  a  small  dish  to  dry- 
ness, to  remove  excess  of  nitric  acid ;  dissolve  the  residue  in 
Water  :  the  product  is  Arsen'ic  Acid  (H3As04). 

Arsenic  acid,  when  strongly  heated,  loses  the  elements  of 
water,  and  arsenic  anhydride  remains  (As205). 
-  Arsenic  anhydride  readily  absorbs  water  and  becomes 
arsenic  acid  (H3As04).  Arsenic  acid  is  reduced  to  arsenious 
by  the  action  of  sulphurous  acid  (H3As04  +  H0S03  =  H3As03 
+  H2S04)> 

Salts  analagous  to  arsenic  acid,  the  arseniate  of  hydrogen, 
are  termed  arseniates,  and  have  the  general  formula  R'3As04. 
The  ammonium  arseniate,  (NH4)2HAs04,  may  be  made  by 
neutralizing  arsenic  acid  with  ammonia.  Its  solution  in 
water  forms  a  useful  reagent.  Arsenic  acid  is  used  as  an 
oxidizing  agent  in  the  manufacture  of  the  well-known  dye, 
magenta. 

Arsenite  and  arseniate  of  sodium  are  used  in  the  cleans- 
ing-operations of  the  calico-printer. 

Pyroarseniate  and  Arseniate  of  Sodium. 

Fifth  Synthetical  Reaction.— Fuse  two  or  three  grains  of 
common  white  arsenic  (As203)  with  nitrate  of  sodium 
(NaN03)  and  dried  carbonate"  of  sodium  (Na2C03)  in  a  porce- 
lain crucible,  and  dissolve  the  mass  in  water ;  solution  of 
arseniate  of  sodium  (Na2HAs04)  results. 
As203  +  2NaN03  +  Na3008  =  Na4As207  +  N203  +  C02 

Arsenic.        Nitrate  of        Carbonate       Pyroareeniate       Njtr°ui?  ^""'j5 
sodium.  of  sodium.         of  sodium.       anhydride,  acid  pas. 

The  official  proportions  are  10  of  arsenic  to  8i  of  nitrate 
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of  sodium  and  5^  of  dried  carbonate,  each  powdered,  the 
whole  well  mixed,  fused  in  a  crucible  at  a  red.  heat  till  effer- 
vescence ceases,  and  the  liquid  poured  out  on  a  slab.  The 
product  is  pyroarseniate  of  sodium  (Na4As207).  Dissolved 
in  water,  crystallized,  and  dried,  the  salt  has  the  formula 
Na2HAs04,  7H20  (Sodii  Arsenias,  B.P.),  the-  old  Arseniate  of 
:  Soda. 

Na4As207    +    15H20    =    2(Na2BAs04,  7H20). 

Heated  to  300°  F.,  the  crystals  lose  all  water.    A  solution 
.  of  1  per  cent,  of  the  anhydrpus  salt  (Na2HAs04)  in  water, 
forms  the  Liquor  Sodii  Arseniatis,  B.P.    It  has  about  half 
the  arsenical  strength  of  Liquor  Arsenicalis,  B.P.  The 
anhydrous  salt  is  used  because  the  crystallized  is  of  some- 
■  what  uncertain  composition.    The  fresh  crystals  are  repre- 
•  sented  by  the  formula  Na2HAs04,  12HaO  (=53:7  percent. 

of  water);  these  soon  effloresce  and  yield" a  stable  salt  having 
;  the  formula  Na2HAs04,  7H20  (  =  40-4  per  cent,  of  water).. 
To  avoid  the  possible  employment  of  a  mixture  of  these 
bodies,  the  invariable  anhydrous  salt  is  officially  used,  con- 
stancy in  the  strength  of  a  powerful  preparation  being 
thereby  secured. 

The  student  will  find  useful  practice  in  verifying,  by  cal- 1 
culation,  the  above  numbers  representing  the  centesimal  pro- 
i  portion  of  water  in  the  two  arseniates  of  sodium.    This  "will 
I  be  easy  if  what  has  already  been  stated  respecting  a  symbol 
representing  a  number  as  well  as  a  name,  and  the  remarks 
concerning  molecular  weight,  be  remembered. 
The  shape  of  each  of  the  two  varieties  of  arseniate  of 
-  sodium  (Na2HAs04,  12H20,  and  Na2HAs04,7H20)  is  identi- 
cal  with  that  of  the  corresponding  phosphate  of  sodium 
.(Na2HP04,  12H20,  and  Na2HP04,  7H20) ;  the  structure  of 
the  molecule  of  the  12-arseniate  is  the  same  as  that  of  the 
12-phosphate,  and  the  7-arseniate  as  that  of  the  7-phosphate; 
the  two  former  are  isomorphous,  the  two  latter  are  isomor- 
pnous.    This  is  only  one  instance  of  the  strong  analogy  of 
arsenrom  and  its  compounds  with  phosphorus  and  its  cor- 
responding compounds.    The  preparation  and  characters  of 
7  ?ext  substance,  arseniate  of  iron,  will  remind  the  learner 
o*  phosphate  of  iron. 

Arseniate  of  Iron.    Ferrous  Arseniate. 

Sixth  Synthetical  Reaction.— To  a  hot  solution  of  arseniate 
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of  sodium  add  a  hot  solution  of  ferrous  sulphate  and  a 
little  solution  of  bicarbonate  of  sodium ;  a  precipitate  of 
ferrous  arseniate  occurs  (Fe32As04)  (Ferri  Arsenias,  B.P.). 
On  a  larger  scale,  15f  parts  of  dried  arseniate  dissolved  in  100 
of  hot  water,  and  20J  of  sulphate  in  120  of  hot  water,  with 
4Jr  of  bicarbonate,  may  be  employed.  The  precipitate  should 
be  collected  on  a  calico  filter,  washed,  squeezed,  and  dried 
at  a  low  temperature  (100°  F.)  over  a  water-bath,  to  avoid 
excessive  oxidation. 

2Na2HAs04      +      2NaHC03      +        3FeS04  = 

Arseniate  of  sodium.       Bicarbonate  of  sodium.        Ferrous  sulphate. 

Fe32As04    +     3Na2S04    +     2H30    +  2C02 

Ferrous  arseniate.     Sulphate  of  sodium.         Water.      Carbonic  acid  gas. 

The  use  of  the  bicarbonate  of  sodium  is  to  ensure  the 
absence  of  free  sulphuric  acid  in  the  solution.  This  acid  is  a 
solvent  of  ferrous  arseniate.  It  is  impossible  to  prevent  its 
separation  if  only  the  ferrous  sulphate  (three  molecular 
weights)  and  arseniate  of  sodium  (two  molecular  weights)  be 
employed. 

At  the  instant  of  precipitation  ferrous  arseniate  is  white, 
but  rapidly  becomes  of  a  green  or  greenish-blue  colour  owing 
to  absorption  of  oxygen  and  formation  of  a  ferrosoferric 
arseniate.  When  dry,  it  is  a  tasteless,  amorphous,  much 
oxidized  powder,  soluble  in  acids. 


The  Hydrides  and  Sulphides  of  Arsenium,  and  the  Arsem 
itcs  and  Arseniates  of  Copper  and  of  Silver,  are  mentioned 
in  the  following  analytical  paragraphs. 

Reactions  having  Analytical  Interest  (Tests). 

First  Analytical  Reaction.— Repeat  the  third  synthetical 
reaction,  operating  on  not  very  much  more  arsenic  than  the 
bulk  of  a  small  pin's  head,  and  using  not  charcoal  alone,  but 
the  black  flux  already  mentioned  (p.  189)  or  a  well-made  and 
perfectly  dry  mixture  of  charcoal  and  carbonate  of  potas- 
sium, the  latter  best  obtained  by  heating  bicarbonate  of 
potassium.    The  tube  employed  should  be  a  narrow  test- 
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•  tube,  or,  better,  a  tube  (easily  made  from  glass  tubing) 
having  the  form  (Berzelius's)  shown  in  fig.  33. 

The  arsenic  and  black  flux  are  placed  in  the  bulb  of  the 
I  tube,  which  is  then  heated  in  a  flame ;  the  arsenium  con- 
denses on  the  constricted  portion  of  the  tube.    If  now  the 
I  bulb  be  carefully  fused  off  in  a  flame,  the  arsenium  may  be 
I  chased  up  and  down  the  narrower  part  of  the  tube  until  the 
air  in  the  tube  has  re-oxidized  it  to  arsenious  anhydride. 
If  the  operation  has  been  performed  in  a  less  delicate 
i  manner  in  an  ordinary  test-tube,  cut  or  break  off  portions  of 
I  the  tube  containing  the  sublimate  of  arsenium,  put  them 


Fig.  33. 


i  into  a  test-tube  and  heat  the  bottom  of  the  latter,  holding 
:  it  nearly  horizontally,  and  partially  covering  the  mouth  with 
"  the  finger  or  thumb ;  the  arsenium  will  absorb  oxygen  from 
t  the  air  in  the  tube,  and  the  resulting  arsenious  anhydride 

(As203)  be  deposited  on  the  cool  part  of  the  tube  in  brilliant, 
|  generally  imperfect,  octahedral  crystals. 

Microscopic  Test. — Prove  that  the  crystals  are  identical  in 

form  with  those  of  common  white  arsenic  by  heating  a  grain 
o  or  less  of  the  latter  in  another  test-tube,  examining  the  two 

sublimates  by  a  good  lens  or  compound  microscope. 
The  appearance  of  a  sublimate  of  arsenic  is  peculiar  and 


A  SUBLIMATE  OF  AB8ENIC  (MAGNIFIED). 
A.C. 


A  PKBFECT  OCTAHEDRON. 
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quite  characteristic.  The  primary  form  of  each  crystal  is 
an  octahedron  (oktuj,  okto,  eight ;  eSpa,  hedra,  side)  (fig.  34a), 
or,  rarely,  a  tetrahedron,  and  in  a  sublimate  a  few  perfect 
octahedra  are  generally  present.  Usually,  however,  the 
crystals  are  modifications  of  octahedra  such  as  are  shown  in 
fig.  34 — which  is  drawn  from  actual  sublimates. 

Second  Analytical  Reaction. — Place  a  thin  piece  of  copper, 
about  a  quarter-inch  wide  and  half-inch  long,  in  a  solution 
of  arsenic,  acidified  by  hydrochloric  acid,  and  boil  (nitric 
acid  must  not  be  present,  or  the  piece  of  metal  will  be  dis- 
solved) ;  arsenium  is  deposited  on  the  copper  in  a  metallic 
condition.  (Memorandum. — An  equivalent  proportion  of 
copper  goes  into  solution.  The  experiment  forms  an  illus- 
tration of  a  class  of  chemical  changes  appropriately  termed 
changes  by  substitution.)  Pour  off  the  supernatant  liquid 
from  the  copper,  wash  the  latter  with  water,  dry  the  piece  of 
metal  by  holding  in  the  clean  fingers  and  passing  through  a 
flame,  and  finally  place  it  at  the  bottom  of  a  clean,  dry, 
narrow  test-tube,  or  a  Berzelius  tube,  and  sublime  as  de- 
scribed in  the  last  reaction,  again  noticing  the  form  of  the 
resulting  crystals. 

This  is  commonly  known  as  Reinsch's  test  for  arsenium,  it 
having  been  introduced  by  Reinseh  in  1843.  The  tube  may 
be  reserved  for  subsequent  comparison  with  an  antimonial 
sublimate. 

Note.— Copper  itself  frequently  contains  arsenium,  a  fact 
that  may  not,  perhaps,  much  trouble  an  operator  so  long  as 
he  is  performing  experiments  in  practical  Chemistry  merely 
for  educational  purposes;  but  when  he  engages  in  the 
analysis  of  bodies  of  unknown  composition,  he  must  assure 
himself  that  neither  his  apparatus  nor  materials  already 
contain  the  element  for  which  he  is  searching. 

The  detection  of  arsenium  in  metallic  copper  is  best 
accomplished  by  distilling  a  mixture  of  a  few  grains  of  the 
sample  with  five  or  six  times  its  weight  of  ferric  hydrate  or 
chloride  (free  from  arsenium)  and  excess  of  hydrochloric 
acid.  The  arsenium  is  thus  volatilized  in  the  form  of 
chloride  of  arsenium,  and  may  be  condensed  in  water  and 
detected  by  sulphuretted  hydrogen  (6th  Analytical  Reac- 
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tion)  or  Reinsch's  test.  The  ferric  chloride  solution  is,  if 
necessary,  freed  from  any  trace  of  arsenium  by  evaporating 
once  or  twice  to  dryness  with  excess  of  hydrochloric  acid. 

Third  Analytical  Reaction. — The  hydrogen  test  or 
"  Marsh's  "  test. — Generate  hydrogen  in  the  usual  way  from 
water  by  zinc  and  sulphuric  acid,  a  bottle  of  about  four  or 
six  ounces  capacity  being  used,  and  a  funnel-tube  and  short 
delivery-tube  passing  through  the  cork  in  the  usual  manner 
(see  following  figure).  Dry  the  escaping  hydrogen  (except 
in  rough  experiments,  when  it  is  unnecessary)  by  adapting 
to  the  delivery- tube,  by  a  pierced  cork,  a  short  piece  of 
wider  tubing  filled  with  fragments  of  chloride  of  calcium  (a). 
To  the  opposite  end  of  the  drying-tube  fit  a  piece  of  narrow 
tubing  ten  or  twelve  inches  long,  made  of  hard  German 
glass,  and  having  its  aperture  narrowed  by  drawing  out  in 
the  flame  of  the  blowpipe.  When  the  hydrogen  has  been 
escaping  for  a  sufficient  number  of  minutes  and  at  such  a 
rate  as  to  warrant  the  operator  in  concluding  that  all  the  air 
originally  existing  in  the  bottle  has  been  expelled,  set  light 
to  the  jet,  and  then  pour  eight  or  ten  drops  of  the  aqueous 
solution  of  arsenic,  or  three  or  four  drops  of  the  acid  or 
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alkaline  solution  of  arsenic,  previously  prepared,  into  the 
funnel-tube,  washing  the  liquid  into  the  generating-bottle 
with  a  little  water.  The  arsenic  is  at  once  reduced  to  the 
state  of  arsenium,  and  the  latter  combines  with  some  of  the 
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hydrogen  to  form  hydride  of  arsenium  or  arseniuretted 
hydrogen  gas  (AsH3).  Immediately  hold  a  piece  of  earthen- 
ware or  porcelain  (the  lid  of  a  porcelain  crucible  (6)  if  at 
hand)  in  the  hydrogen  jet  at  the  extremity  of  the  delivery- 
tube  ;  a  brown  spot  of  arsenium  is  deposited  on  the  porce- 
lain. Collect  several  of  these  spots,  and  retain  them  for 
future  comparison  with  antimonial  spots  similarly  obtained 
(p.  209). 

The  separation  of  arsenium  in  the  flame  is  due  to  the  de- 
composition of  the  arseniuretted  hydrogen  by  the  heat.  The 
cool  porcelain  at  once  condenses  the  arsenium,  and  thus  pre- 
vents its  oxidation  to  white  arsenic,  which  would  otherwise 
take  place  at  the  outer  edge  of  the  flame. 

Hold  a  small  beaker  (c),  or  wide  test-tube,  over  the  flame 
for  a  few  minutes ;  a  white  film  of  arsenic  (As203)  will  be 
slowly  deposited,  and  may  be  further  examined  in  contrast 
with  a  similar  antimonial  film  (p.  209). 

During  these  experiments  the  effect  produced  by  the 
arsenical  vapours  on  the  colour  of  the  hydrogen-flame  will 
have  been  noticed ;  they  give  it  a  dull,  livid,  bluish  tint. 
This  is  characteristic. 

Apply  the  flame  of  a  gas-lamp  to  the  middle  of  the  hard 
glass  delivery-tube  (d) ;  the  arseniuretted  hydrogen,  as  be- 
fore, is  decomposed  by  the  heat,  but  the  liberated  arsenium 
immediately  condenses  in  the  cool  part  of  the  tube,  beyond 
the  flame,  as  a  dark  metallic  mirror.  The  tube  may  be 
removed  and  kept  for  comparison  with  an  antimonial  deposit 
(p.  209). 

Note  1.— Zinc,  like  copper,  frequently  itself  contains  ar- 
senium. When  a  specimen,  free  from  arsenium,  is  met  witn, 
it  should  be  reserved  for  analytical  experiments,  or  a  quan- 
tity of  guaranteed  purity  should  be  purchased  of  the  dealers 
in  such  articles.   Sulphuric  acid  is  more  easily  obtained  tree 

from  arsenic.  -  Mo,.ai1)B 

Note  2.— In  delicate  and  important  applications  of  Maisii  s 
test,  magnesium  may  be  substituted  for  zinc  with  safety,  as 
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arsenium  has  not  yet  been,  and  is  not  likely  to  be,  found  in 
magnesium.  Magnesium  in  rods  is  convenient  for  this  pur- 
pose, and  may  be  obtained  from  most  dealers  in  chemical 
substances.  Both  magnesium  and  zinc,  if  perfectly  pure, 
react  with  acids  extremely  slowly ;  the  addition  of  a  very 
little  perchloride  of  platinum,  however,  at  once  promotes  an 
abundant  evolution  of  hydrogen. 

.  Note  3. — Sulphuric  acid,  which  is  often  used  for  drying 
gases,  decomposes  arseniuretted  hydrogen.  Chloride  of  cal- 
cium is  the  appropriate  desiccating  agent  for  this  gas. 
.  Note  4. — The  original  apparatus  proposed  by  Mr.  Marsh, 
a  pharmacist,  of  Woolwich,  in  1836,  was  a  U-shaped  tube, 
one  limb  of  which  was  short,  and  closed  by  a  stopcock,  so 
that  the  whole  of  a  small  quantity  of  arseniuretted  hydro- 
gen could  be  collected  and  be  examined  at  leisure. 

Fourth  Analytical  Reaction — Fleitmanri's  test. — Generate 
i  hydrogen  by  heating  in  a  test-tube,  to  near  the  boiling-point, 
a  strong  solution  of  caustic  soda  or  potash  and  some  pieces 
of   zinc  (Zn  +  2NaHO=H2  +  Na2Zn02 — zincate  of  sodium). 
.  Axld  a  drop  of  arsenical  solution.    Now  spread  over  the 
i  mouth  of  the  tube  a  cap  of  filter-paper  moistened  with  one 
drop  of  solution  of  nitrate  of  silver.    Again  heat  the  tube, 
I  taking  care  that  the  liquid  itself  shall  not  spurt  up  on  to  the 
cap.   A  plug  of  cotton  wool  may  even  be  placed  in  the  mouth 
c  of  the  test-tube  to  prevent  this  spurting.    The  arsenic  is 
r  reduced  to  arsenium,  the  latter  uniting  with  the  hydrogen, 
3  as  in  Marsh's  test ;  and  the  arseniuretted  hydrogen  passing 
up  through  the  cap  reacts  on  the  nitrate  of  silver,  and  gives 
:  rise  to  an  excellent  test  by  causing  the  production  of  a  pur- 
plish-black spot  (of  silver). 

AsH3  +  3H.20  +  6AgN03=H3As03  +  6HN03  +  3Ag2. 

Note  1.— This  reaction  is  particularly  valuable,  enabling 
the  analyst  to  quickly  distinguish  arsenium  in  the  presence 
of  its  sister  element  antimony,  which,  although  it  combines 
With  the  hydrogen  evolved  from  dilute  acid  and  zinc,  does 
not  combine  with  the  hydrogen  evolved  from  solution  of 
alkali  and  zinc,  and  therefore  does  not  give  the  effect  just 
described. 

Note  2.— Aluminium  answers  as  well  as  zinc  for  .Fleit- 
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mann's  test  (Gatehouse),  or  magnesium  may  be  used;  or 
instead  of  zinc  and  alkali,  weak  sodium  amalgam  may  be 
employed  (Davy). 

Fifth  Analytical  Reaction— Bettendorjfs  test— To  a  solu- 
tion of  chloride  of  tin  in  strong  hydrochloric  acid  add  a  very 
small  quantity  of  any  arsenical  solution.  Arsenium  then 
separates,  especially  on  the  application  of  heat,  giving  the 
mixture  a  yellowish  and  then  brownish  hue  or  greyish-brown 
turbidity,  or  even  a  sediment  of  grey-brown  flocks,  according 
to  the  amount  present.  Much  water  prevents  the  reaction ; 
its  presence,  therefore,  must  be  avoided  as  far  as  possible ; 
indeed,  a  liquid  saturated  by  hydrochloric  acid  gas  gives  best 
results.  Arsenic  in  sulphuric  or  hydrochloric  acid  or  in 
tartar  emetic,  etc.,  may  be  detected  by  this  method.  Ni- 
trates, such  as  subnitrate  of  bismuth,  must  first  be  heated 
with  sulphuric  acid  to  remove  the  nitric  radical  before  apply- 
ing this  reduction-test  for  arsenium.  The  stannous  is  con- 
verted into  stannic  salt  during  the  reaction. 

Distinction  between  Arsenious  and  Arsen'ic  combinations. 
—The  above  tests  are  those  for  arsenium,  whether  existing 
in  the  arsenious  or  arsenic  condition ;  though  the  element  is 
not  so  easily  attacked  when  it  is  in  the  latter  as  when  it  is 
in  the  former  state.  Of  the  following  reactions,  that  with 
nitrate  of  silver  at  once  distinguishes  arsenious  acid  and 
other  arsenites  from  arsenic  acid  and  other  arseniates.  _ 

Mem— The  exact  nature  of  all  these  analytical  reactions 
will  be  more  fully  evident  if  the  student  will  perseveringly 
trace 'them  out  by  diagrams  or  equations. 

- — ■  • 

Sixth  Analytical  Reaction.— Through  an  acidified  solution 
of  arsenic  pass  sulphuretted  hydrogen ;  a  yellow  precipitate 
(sulphide  of  arsenium  or  arsenious  sulphide,  As2S3)  quickly 
falls  Add  an  alkaline  hydrate  or  sulphydrate  to  a  portion 
of  the  precipitate;  it  readily  dissolves.  The  precipitate 
consequently  would  not  be  obtained  on  passing  sulphuretted 
hydrogen  through  an  alkaline  solution  of  arsenic.  To  another 
portion  of  the  precipitate,  well  drained,  add  strong  hydro- 
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chloric  acid;  it  is  insoluble— unlike  sulphide  of  antimony. 
(Neither  sulphide  is  soluble  in  the  weak  acid.) 

Note  1. — Cadmium  also  affords  a  yellow  sulphide  in  an 
l  acid  solution  by  action  of  sulphuretted  hydrogen ;  but  this 
5  sulphide  is  insoluble  in  alkaline  liquids.     Under  certain 
e  circumstances  tin,  too,  yields  a  yellow  sulphide,  but  tin  is 
otherwise  easily  distinguished  (vide  "  Tin  "  in  Index). 

Note  2. — A  trace  of  sulphide  of  arsenium  is  sometimes 
I  met  with  in  sulphur  (distilled  from  arsenical  pyrites).  It 
i  may  be  detected  by  digesting  the  sulphur  in  solution  of  am- 
i  monia,  filtering,  and  evaporating  to  dryness ;  a  yellow  residue 
:  of  sulphide  of  arsenium  is  obtained  if  that  substance  be 
i  present. 

Seventh  Analytical  Reaction. — Through  an  acidified  solution 
I  of  arsen'ic  acid,  or  any  other  arseniate,  pass  a  rapid  current 
i  of  sulphuretted  hydrogen  ;  a  yellow  precipitate  (arsenic  sul- 
]  phide,  As2S5)  slowly  falls.  Brauner  and  Tornicek  state  that 
1  by  a  slow  current  the  arsenic  acid  is  gradually  reduced  to 
i  the  arsenious,  and  a  yellow  precipitate  of  arsenious  sulphide 
I  and  sulphur  (As2S3  +  S2)  slowly  falls.  The  precipitate  is 
s  soluble  in  alkaline  hydrates  and  sulphydrates.  This  reaction 
i  is  more  rapid  if  the  solution  be  warmed. 

Chemical  Analogy  of  Sulphur  and  Oxygen.  —  The 
1  potassium  arsenite  and  sulph-arsenite,  arseniate  and  sulph- 
:  arseniate,  have  the  composition  represented  by  the  following 
:  formulae : — 

K3As03  K3As04 
K3AsS3  K3AsS4 ; 

and  the  corresponding  ammonium  and  sodium  salts  have  a 
I  similar  composition  : — 

6NH4HS  +  As2S3  =  2(NH4)3AsS3  +  3H2S. 
6NH4HS  +  As2S5  -  2(NH4)3AsS4  +  3H2S. 

Eighth  Analytical  Reaction. — To  an  aqueous  solution  of 
arsenic  add  two  or  three  drops  of  solution  of  sulphate  of 
copper,  and  then  cautiously  add  diluted  solution  of  ammonia, 
drop  by  drop,  until  a  green  precipitate  is  obtained.  The  pro- 
duction of  this  precipitate  is  characteristic  of  arsenium.  To 
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a  portion  of  the  mixture  add  an  acid  ;  the  precipitate  dis- 
solves. To  another  portion  add  alkali ;  the  precipitate  dis- 
solves. These  two  experiments  show  the  advantage  of  testing 
a  suspected  arsenical  solution  by  litmus-paper  before  apply- 
ing this  reaction — if  acid,  cautiously  adding  alkali ;  if 
alkaline,  adding  acid,  till  neutrality  is  obtained.  Or  a 
special  copper  reagent  may  be  used :  see  a  note  to  the 
Eleventh  Analytical  Reaction. 

The  precipitate  is  arsenite  of  copper  (Cu"HAs03)  or 
Scheele's  Green.  More  or  less  pure,  or  mixed  with  acetate 
or,  occasionally,  carbonate  of  copper,  it  is  used  as  a  pigment 
under  many  names,  such  as  Brunswick  Green  and  Schwein- 
furth  Green,  by  painters  and  others. 

Ninth  Analytical  Reaction.— Apply  the  test  just  described 
to  a  solution  of  arsenic  acid  or  other  arseniate  ;  a  somewhat 
similar  coloured  precipitate  (arseniate  of  copper)  is  obtained. 

Tenth  Analytical  Reaction. — Repeat  the  eighth  reaction, 
substituting  nitrate  of  silver  for  sulphate  of  copper :  in  this 
case  a  yellow  precipitate  (arsenite  of  silver,  Ag3As03)  falls, 
also  soluble  in  acids  and  alkalies. 

Eleventh  Analytical  Reaction.— Apply  the  silver  test  to  a 
solution  of  arsenic  acid  or  other  arseniate;  a  chocolate- 
coloured  precipitate  (arseniate  of  silver,  Ag3As04)  falls. 

Copper  and  Silver  Reagents  for  Arsenium  — The  last  four 
reactions  may  be  performed  with  increased  delicacy  and 
certainty  of  result  if  the  copper  and  silver  reagents  be 
previously  prepared  in  the  following  manner :— To  solution 
of  pure  sulphate  of  copper  (about  1  part  in  20  of  water)  add 
ammonia  until  the  blue  precipitate  at  first  formed  is_  nearly, 
but  not  quite,  redissolved ;  filter  and  preserve  the  liquid  as  an 
arsenium  reagent,  labelling  it  solution  of  ammonio-sidphate 
of  copper  (B.P.).  Treat  solution  of  nitrate  of  silver  (about 
1  part  in  40)  in  the  same  way,  and  label  it  solution  of 
ammonio-nitrate  of  silver  (B.P.).  The  composition  of  these 
two  salts  will  be  referred  to  subsequently. 

Arsenious  and  Arsenic  Compounds.— While  many  reagents 
may  be  used  for  the  detection  of  arsenium,  only  nitrate  of 
silver,  as  already  stated,  will  readily  indicate  in  which  state 
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:  the  arsenium  exists;  for  the  two  sulphides  and  the  two  copper 
:iprecipitates,  though  differing  in  composition,  resemble  each 
other  in  appearance,  whereas  the  two  silver  precipitates 
differ  in  colour  as  well  as  in  composition. 

Soluble  arseniates  give  insoluble  arseniates  with  solutions 
of  salts  of  barium,  calcium,  zinc,  and  other  metals. 

In  group-testing,  arsenium,  if  existing  a^  arsenic  acid  or 
other  arseniate,  is  not  readily  affected  by  such  tests  as 
>  sulphuretted  hydrogen  or  even  by  nascent  hydrogen.  Hence, 
iiif  its  presence  in  that  state  is  suspected,  the  liquid  under 
\  analysis  should  be  warmed  with  a  little  sulphurous  acid  (vide 
;.p.  190)  and  then  tested  with  sulphuretted  hydrogen. 

Antidote. — In  cases  of  poisoning  by  arsenic  or  arsenical 
■.(preparations,  the  most  effective  antidote  is  recently  precipi- 
tated moist  ferric  hydrate  administered  as  soon  as  possible. 
[It  is  perhaps  best  administered  in  the  form  of  a  mixture  of 
-  solution  of  perchloride  of  iron  (Liquor  Fervi  Perchloridi, 
EB.P.)  with  carbonate  of  sodium — two  to  three  ounces  of  the 
'.  former  to  about  one  ounce  of  the  crystals  of  the  latter.  In- 
9  stead  of  the  carbonate  of  sodium,  about  a  quarter  of  an  ounce 
of  calcined  magnesia  (Magnesia,  B.P.)  may  be  used.  These 
;  quantities  will  render  at  least  10  grains  of  arsenic  insoluble. 
: Emetics  should  also  be  given,  and  the  stomach-pump,  or 
i  a  common  india-rubber  tube  worked  as  a  siphon  (page  120), 
be  applied  as  quickly  as  possible. 

The  above  statements  regarding  the  antidote  for  arsenic 
:  may  be  verified  by  mixing  the  various  substances  together, 
n  filtering,  and  proving  the  absence  of  arsenium  in  the  filtrate 
by  applying  some  of  the  foregoing  tests. 

Mode  of  Action  of  the  Antidote. — The  action  of  the  car- 
bonate of  sodium  or  the  magnesia  is  to  precipitate  ferric 
i  hydrate  (Fe26HO)— chloride  of  sodium  (NaCl)  or  of  nagnesium 
(MgC]3)  being  formed,  which  are  harmless,  if  not  beneficial, 
under  the  circumstances.  The  reaction  between  the  ferric 
I  hydrate  and  the  arsenic  results  in  the  formation  of  insoluble 
ferrous  arseniate.    (See  also  p.  169.) 

2(Fe26HO)  +  As203  =  Fe32As04  +  5H20  +  Fe2HO 

Ferric  ArHenio.  Ferrous         Water.  Ferrous 

hydrate,  arBeniate.  hydrato. 
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The  so-called  Solution  of  Dialysed  Iron  (see  Index)  is  also, 
as  might  be  expected  from  its  composition,  an  antidote  to 
arsenic.  It  should  be  administered  with  a  little  bicarbonate, 
of  either  sodium  or  potassium,  or  with  magnesia,  or  with  any 
other  salt  which  serves  to  neutralize  any  acid  that  may  be 
present.   

QUESTIONS  AND  EXEECISES. 
What  is  the  formula  of  a  molecule  of  arsenium  ? — In  what  form  does 
arsenium  occur  in  Nature? — Describe  the  characters  of  white  arsenic. 
Name  the  official  preparations  of  arsenium.— "What  compound  of  arsenium 
is  contained  in  Liquor  Arsenicalis,  B.P.,  and  Liquor  Arsenici  Hydrochlo- 
ricus,  B.P.  ?— By  what  method  may  arsenic  be  reduced  to  arsenium  ?— Give 
the  formula;  of  arsenious  and  arsenic  acids  and  anhydrides.— Explain,  by 
diagrams,  the  reactions  which  occur  in  converting  arsenic  into  Arseniate 
of  Sodium  by  the  official  process.— Why  is  anhydrous  instead  of  crystal- 
lized arseniate  of  sodium  employed  in  the  preparation  of  Liquor  Sodii 
Arseniatis,  B.P.  ?— In  the  preparation  of  Arseniate  of  Iron  from  ferrous 
sulphate  and  arseniate  of  sodium,  why  is  bicarbonate  of  sodium  included? 
Describe  the  manipulations  necessary  to  obtain  arsenic  in  its  characteristic 
crystalline  form.— How  is  Beinsch's  test  for  arsenium  applied,  and  under 
what  circumstances  may  its  indications  be  fallacious  ?— Give  the  details 
of  Marsh's  test  for  arsenium,  and  the  precautions  to  be  observed.  Explain 
the  reactions  by  diagrams.— What  peculiar  value  has  Fleitmann's  test  for 
arsenium  '—Describe  the  conditions  under  which  sulphuretted  hydrogen 
becomes  a  trustworthy  test  for  arsenium.— How  may  a  trace  of  sulphide 
of  arsenium  be  detected  in  sulphur?— How  are  salts  of  copper  and  silver 
applied  as  reagents  for  the  detection  of  arsenium  ?— How  are  arsenites 
distinguished  from  arseniates  ?— Mention  the  best  antidote  m  case  of 
poisoning  by  arsenic ;  explain  the  process  by  which  it  may  be  most 
quickly  prepared,  and  describe  its  action.— Do  you  know  of  any  other 
antidote  to  arsenic  ?    If  so,  describe  the  mode  of  administration. 


ANTIMONY. 

Symbol,  Sb  (Stibium).    Atomic  weight,  120. 

Source  and  Uses—  Antimony  occurs  in  Nature  chiefly  as 
sulphide,  Sb2S3.  The  crude  or  black  antimony  of  pharmacy 
is  this  native  sulphide  freed  from  impurities  by  fusion:  it 
has  a  striated,  crystalline,  lustrous  fracture ;  subsequently 
powdered,  and  if  it  contains  any  soluble  salt  of  arsenium,  the 
latter  removed  by  digestion  in  solution  of  ammonia,  it  lornis 
the  greyish-black  crystalline  Antimonium  Nigrum  Furiji- 
catum  B.P.  The  metal  is  obtained  from  the  sulphide  by 
roasting,  the  resulting  oxide  being  reduced  with  charcoal  and 
carbonate  of  sodium.   The  resulting  scorn  is  known  as  crocus 


ANTIMONY. 


203 


of  antimony  or  glass  of  antimony.  Metallic  antimony  is  an 
-.important  constituent  of  Type-Metal,  Britannia  metal  (tea 
.'.  and  coffee-pots,  spoons,  etc.),  and  the  best  varieties  of  Pevoter. 
I  The  old  pocula  emetica,  or  everlasting  emetic  cups,  were 
nmade  of  antimony ;  wine  kept  in  them  for  a  day  or  two  was 
>said  to  have  acquired  emetic  quality.  The  metal  is  not  used 
:.:in  making  official  antimonial  preparations,  the  sulphide  alone 
h  being,  directly  or  indirectly,  employed  for  this  purpose. 

Antimony  has  very  close  chemical  analogies  with  arsenium. 
I  Its  atom,  in  the  common  salts,  exerts  trivalent  activity  (e.g. 
^SbCLj),  but  sometimes  it  is  quinquivalent  (e.g.  SbCl5). 

Antimony,  like  arsenium,  unites  with  iodine  to  form  a 
:  tri-iodide  (Sbl3).    A  bromide  (SbBr3)  also  is  known. 

Reactions  having  Synthetical  Interest. 

Chloride  of  Antimony.    Antimonious  Chloride. 

First  Synthetical  Reaction. — Boil  half  an  ounce  or  less  of 
?  sulphide  of  antimony  with  four  or  five  times  its  weight  of 
h hydrochloric  acid  in  a  dish  placed  in  a  fume-chamber  or  in  the 
•open  air;  sulphuretted  hydrogen  is  evolved  and  solution  of 
c chloride  of  antimony,  SbCl3,  is  obtained. 

Sb2S3      +      6HC1  2SbCl3      +  3H2S 

Sulphide  of  Hydrochloric  Chloride  of  Sulphuretted 

antimony.  acid.  antimony.  hydrogen. 

This  solution,  cleared  by  subsidence,  is  what  is  commonly 
a  known  as  Butter  of  Antimony  (Liquor  Antimonii  Chloridi, 
IB.P.).    If  pure  sulphide  has  been  used  in  its  preparation,  the 
liquid  is  nearly  colourless ;  but  much  of  that  met  with  in 
veterinary  pharmacy  is  simply  a  by-product  in  the  genera- 

•  tion  of  sulphuretted  hydrogen  from  native  ferruginous  sul- 
I  phide  of  antimony  and  hydrochloric  acid,  and  is  more  or  less 

brown  from  the  presence  of  chloride  of  iron.  It  not  infre- 
i  quently  darkens  in  colour  on  keeping  ;  this  is  due  to  absorp- 

•  tion  of  oxygen  from  the  air,  and  conversion  of  light-coloured 
ferrous  into  dark-brown  ferric  chloride  or  oxychloride. 

True  butter  of  antimony  (SbCl3)  is  obtained  on  evaporating 
'  the  above  solution  to  a  low  bulk,  and  distilling  the  residue. 
I  The  butter  condenses  as  a  white  crystalline  semi-transparent 
l  mass  in  the  neck  of  the  retort ;  at  the  close  of  the  operation 

it  may  be  easily  melted  and  run  down  into  a  bottle,  which 

should  be  subsequently  well  stoppered. 
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Pentachloride  of  antimony  (Sb015),  or  antimonic  chloride, 
is  a  fuming  liquid,  obtained  on  passing  chlorine  over  the 
lower  chloride. 

Oxychloride  of  Antimony.    Antimonious  Oxychloride. 

Second  Synthetical  Reaction.— Boil  the  solution  of  chloride 
of  antimony  produced  in  the  last  reaction,  and  pour  it  into 
several  ounces  of  water ;  a  white  precipitate  of  oxychloride 
of  antimony  (2SbCl3,  5Sb203)  falls,  some  chloride  of  antimony 
remaining  in  the  supernatant  acid  liquid. 

This  precipitate  is  the  oUpvlvis  Algarothi,  pulvis  angeli- 
cus,  or  mercurius  vitce.  It  varies  somewhat  m  composition, 
according  to  the  amount  of  water  with  which  the  chloride 
may  be  mixed;  but,  on  standing  under  water,  gradually 
becomes  crystalline,  and  has  the  composition  above  given. 

12SbCl3    +    15H20    =    2SbCl3,  5Sb203    +  30HC1 

Chloride  of  Water.  O.ychjoride  of  Hydrochloric 

antimony.  .  antimony. 

Oxide  of  Antimony.    Antimonious  Oxide. 

Well  wash  the  precipitate  with  water  by  decantation  {vide 
p.  117),  and  add  solution  of  carbonate  of  sodium;  the  chloride 
remaining  with  the  oxide  is  thus  decomposed,  and  oxide  of 
antimony  (Sb203)  alone  remains.   This  is  Antimonii  Oxidum, 
BP     It  is  of  a  light  buff  or  greyish-white  colour,  or  quite 
white  if  absolutely  free  from  iron,  insoluble  in  water,  soluble 
in  hydrochloric  acid,  fusible  at  a  low  red  heat.    The  moist 
oxide  of  antimony  may  be  well  washed  and  employed  for  the 
next  reaction.    Or  it  may  be  dried  over  a  water-bath  lor  at 
temperatures  above  212°  F.  oxygen  is  absorbed  and  other 
oxides  of  antimony  formed.    The  presence  of  the  latter  is 
detected  on  boiling  the  powder  in  solution  of  acid  tart r; M 
of  potassium,  in  which  oxide  of  antimony  (,Sb203 ;  bb4U6.  is 
soluble,  but  antimonic  anhydride  (Sb205)  and  the  double 
oxide,  or  so-called  antimonious  anhydride  (Sb408),  insoluble. 

2SbCl3,  5Sb203  +  3Na2C03  =  6Sb  0  +  GNaCl  + 

°ssrf    was.  ae*-  ^L  acidgaB- 
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The  higher  oxide  of  antimony  (Sb205),  termed  antimonic 
oxide  or  anhydride,  corresponding  with  arsenic  anhydride,  is 
obtained  on  decomposing  the  pentachloride  by  water,  or  on 
I  boiling  metallic  antimony  with  nitric  acid.    The  variety  ob- 
:  tained  from  the  chloride  differs  in  saturating  power  from  that 
c  obtained  from  the  metal,  and  is  termed  met^antimonic  acid 
(fiera,  meta,  beyond). 

Tartar  Emetic. 

Third  Synthetical  Reaction.— Mix  the  moist  oxide  of  anti- 
i  mony  obtained  in  the  previous  reaction  with  about  an  equal 
I  quantity  of  cream  of  tartar  (6  of  the  latter  to  5  of  the  dry 
c  oxide)  and  sufficient  water  to  form  a  paste ;  set  aside  for  a 
: day  to  facilitate  complete  combination;  boil  the  product  with 
i water,  and  filter;  the  resulting  liquid  contains  the  oxy- 
:  tartrate  of  antimony  and  potassium  (KSbOC4H406),  potas- 
5  sio-tartrate  of  antimony,  or  tartarated  antimony,  or  tartar 
e emetic  (emetic,  from  e/xe'w,  emed,  I  vomit;  tartar,  from 
ITaprapos,  tartaros,  see  Index). 

2KHC4H406    +    Sb203    =    2KSbOC4H406    +  H20 

Acid  tartrate  Oxide  of  Tartar  emetic.  Water, 

of  potassium.  antimony. 

On  evaporation,  the  salt  is  obtained  in  colourless  trans- 
parent triangular-faced  crystals  containing  one  molecular 
p  proportion  of  water  to  every  two  of  anhydrous  salt ;  forming 
the  Antimonium  Tartaratum,  B.P.  (KSbOC4H406)2,  H20. 

The  formula  for  tartar  emetic  is  apparently  inconsistent 
'with  the  general  formula  for  tartrates  (K/B/C4H406) ;  this 
."will  be  subsequently  fully  explained  in  connection  with  Tar- 
"  taric  Acid.    The  salt  appears  to  be  an  oxytartrate,  K'Sb"' 
0"  (C4H406)".  _ 

Tartar  emetic  is  soluble  in  water,  and  slightly  so  in  proof 
>  spirit.    Dissolved  in  sherry  wine,  it  forms  the  official  Vinum 
Antimoniale,  B.P.    It  may  be  externally  applied  as  an  oint- 
nment,  Unguentum  Antimonii  Tartarati,  B.P. 

"Sulphurated  Antimony"  and  other  Antimony 
Oxy  sulphides. 

Fourth  Synthetical  Reaction. — Boil  a  few  grains  of  sulphide 
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of  antimony  and  of  sulphur  with  solution  of  soda  in  a  test- 
tube,  and  filter  (or  in  larger  vessels,  10  ounces  ,of  sulphide, 
10  of  sulphur,  and  4|  pints  of  the  official  solution  of  soda 
for  2  hours,  frequently  stirring,  and  occasionally  replacing 
water  lost  by  evaporation).  Into  the  filtrate,  before  cool,  stir 
diluted  sulphuric  acid  until  the  liquid  is  slightly  acid  to 
test-paper  ;  an  orange-red  precipitate,  sulphurated  antimony, 
.  the  Antimonium  Sulphuratum,  B.P.,  falls  ;  filter,  wash,  and 
dry  over  a  water-bath.  It  is  a  mixture  of  the  higher  penta- 
sulphide  of  antimony  (Sb2S5)  with  a  little  oxide  (Sb203,  or 
possibly  Sb205).  The  oxides  result  from  the  double  deconv, 
position  of  sulphides  of  antimony  and  caustic  soda. 

This  is  one  of  the  many  varieties  of  mineral  kermes,  so 
called  from  their  similarity  in  colour  to  the  insect  kermes 
Kermes  is  the  name,  now  obsolete,  of  the  Coccus  Ilicis,  &  sort 
of  cochineal-insect,  full  of  reddish  juice,  and  used  for  dyeing 
from  the  earliest  times.  The  term  mineral  kermes  was  ap- 
parently applied  originally  to  the  amorphous  or  precipitated 
orange  sulphide  of  antimony  (Sb2S3).  It  afterwards  included 
any  oxysulphide  and  pentasulphide.  A  brownish-red  variety 
may  be  prepared  without  the  addition  of  any  free  sulphur, 
the  colour  of  the  precipitate  is  then  affected  by  the  tempera- 
ture as  well  as  state  of  dilution  of  the  alkaline  liquid  when 
the  acid  is  added.  When  this  alkaline  liquid  is  boiled 
especially  if  long  exposed  to  air,  oxygen  is  absorbed  by  some 
of  the  antimony,  whose  sulphur  uniting  with  the  tnsulphide 
forms  a  portion  of  the  lighter  yellow  pentasulphide. 

Explalation  of  processes -The  sulphides  and  oxide^  of 

antimony,  like  those  of  arsenium,  ^*wl^eq^l?5 
hydrates,  and  oxides  of  certain  metals  to  form  salts  of  greatei 
7  less  degree  of  solubility.  .  Thus  antimonite  of .  sodium 
(Na,Sb03)  is  formed  and  remains  in  solution,  and  sulphanti 
nonite  of  sodium  (Na3SbS3)  is  formed  and  is  deposited  in 
brilliant  yellow  tetrahedral  crystals  when  a  hot  alkaline 
solution  of  the  sulphide  of  antimony  is  set  aside  to  cool. 
Sulphur  being  present,  the  slightly  soluble  antimoniate  of 
sodium  (Na3Sb04)  and  sulphantimoniate  of  sodium  (Na3Sbb4) 
are  produced. 

2Sb2S3    +   6NaHO   =   2Na3SbS3   +    Sb203  +  3H£> 

antimony. 
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SbjOg     +    6NaHO    =    2Na3Sb03    +  3H20 

Antimonious  oxide.  Antimonite  of  sodium. 

•22Sb2S3  +  2S2  +  6NaHO  =  2Na3SbS4  +  Sb305  +  H20  +  2H2S 

S  Sulphide  of  Sulph-antimo-  Antimonic 

:  antimony.  niate  of  sodium.  oxide. 

Sb205    +    6NaHO    =    2Na3Sb04    +  3H30 

Antimonic  oxide.  Antimoniate  of  sodium.  ^ 

In  the  hot  solutions  of  these  sulphur  salts  and  oxygen 
>  salts,  sulphides  and  oxides  of  antimony  are  soluble,  and  are 
r  reprecipitated  in  an  indefinite  state  of  combination,  partially 
-  on  cooling,  or  wholly  on  the  addition  of  acid.  The  acid  also 
:  decomposes  the  oxy salts  with  precipitation  of  oxides,  and  the 
<  sulphur  salts  with  precipitation  of  sulphides  of  antimony. 
IThe  acid  should  be  added  to  the  liquids  before  much  o'xy- 
s  sulphide  has  deposited  (that  is,  before  the  solution  is  cool), 
if  uniformity  of  product  is  desired. 


2Na3SbS3  +  3H2S04  - 

•  Sulph-antimonite  Sulphuric 

of  sodium.  acid. 

2Na3Sb03  +  3H2S04  = 

Antimonite  Sulphuric 

of  sodium.  acid. 

2Na3SbS4  +  3H2S04  - 

I  Sulph-antimoniate  Sulphuric 

of  sodium.  acid. 

2Na3Sb04  +  3H2S04  = 

Antimoniate  Sulphuric 

of  sodium.  acid. 


3Na2S04  +  Sb2S3  +  3H2S 

Sulphate  Antimonious  Sulphuretted 

of  sodium.  sulphide.  hydrogen. 

3Na2S04  +    Sb203    +  3H20 

Sulphate  Antimonious  Water, 

of  sodium.  oxide. 

3Na2S04  +  Sb2S5    +  3H2S 

Sulphate  Antimonic  Sulphuretted 

of  sodium.  sulphide.  hydrogen. 

3Na2S04  +  Sb205    +  3H20 

Sulphate  Antimonic  Water, 

of  sodium.  oxide. 


The  oxides  and  sulphides  indicated  in  these  equations, 
together  with  excess  of  sulphide  of  antimony  originally 
dissolved  by  the  alkaline  liquid,  are  all  precipitated  when 
the  acid  is  added,  and  form  the  varieties  of  Jcermes.  Kermes 
nmay  be  formed  by  fusion  as  well  as  by  aqueous  solution  of 
the  components.  The  student  is  strongly  recommended 
carefully  to  study  the  foregoing  paragraphs ;  for  although 
neither  the  official  nor  any  other  variety  of  kermes  is  itself 
of  much  importance  in  modern  practical  pharmacy,  a  thought- 
ful consideration  of  their  chemistry  will,  by  revealing  che- 
mical actions  and  analogies  that  are  general,  aid  in  sowing 
the  germs  of  chemical  principles  in  the  mind. 


The  previous  four   synthetical  reactions  illustrate  the 
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official  processes  for  the  respective  substances.  In  pharmacy, 
the  solution  of  chloride  of  antiinon}'  is  only  used  in  the  pre- 
paration of  oxide ;  the  oxide,  besides  its  use  in  the  prepara- 
tion of  tartar  emetic,  is  mixed  with  twice  its  weight  of 
phosphate  of  calcium  (purified  bone-earth)  to  form  Pulvis 
Antimonialis,  B.P.,  or  "  James's  Powder." 

Sulphides  and  Hydrides  of  Antimony  are  incidentally 
mentioned  in  the  following  analytical  paragraphs. 


Reactions  having  Analytical  Interest  (Tests). 

First  Analytical  Reaction. — Through  an  acidified  anti- 
monial  solution  pass  sulphuretted  hydrogen ;  an  orange  pre- 
cipitate (amorphous  sidphide  of  antimony)  falls.  It  has  the 
same  composition  as  the  crystalline  black  sulphide  (Sb2S3), 
into  which,  indeed,  when  dried,  it  is  quickly  converted  by 
heat.  Like  sulphide  of  arsenium,  it  is  soluble  in  alkaline 
solutions.  Collect  a  portion  on  a  filter  and,  when  well 
drained,  add  strong  hydrochloric  acid  ;  it  dissolves — unlike 
sulphide  of  arsenium. 

A  higher  sulphide  of  antimony  (Sb2S5),  corresponding  to 
the  higher  sulphide  of  arsenium,  exists.  It  is  formed  on 
passing  sulphuretted  hydrogen  through  an  acidified  solution 
of  the  higher  chloride  (SbCl5),  or,  less  pure,  on  boiling  black 
sulphide  of  antimony  and  sulphur  with  an  alkali,  and  de- 
composing the  resulting  filtered  liquid  by  an  acid. 

]Sf0te. — The  arsenious  and  antimonious  compounds  are 
those  chiefly  employed  in  medicine ;  arseniates  of  sodium 
and  iron  are,  however,  sometimes  employed.  The  arseniates 
and,  rarely,  an  antimoniate  are  useful  in  analysis,  and  the 
antimonic  chloride  in  chemical  research.  The  higher  com- 
pounds of  both  elements  are  noticed  here  chiefly  to  draw 
attention  to  the  close  analogy  existing  between  arsenium 
and  stibium,  an  analogy  carried  out  in  the  numerous  other 
compounds  of  these  elements. 

Second  Analytical  Reaction.— Dilute  two  or  three  drops  J 
the  solution  of  chloride  of  antimony  with  water;  a  white 
precipitate  (oxychloride)  occurs,  the  formation  of  which  has 
been  explained  under  the  similar  synthetical  reaction.  The 
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occurrence  of  a- precipitate  under  the  circumstances  distin- 
:  guishes  antimony  from  arsenium,  but  is  a  reaction  that 

cannot  be  fully  relied  upon  in  analysis,  because  requiring 
■  the  presence  of  too  much  material  and  the  observance  of 

•  too  many  conditions.  Add  a  sufficient  quantity  of  hydro- 
i  chloric  acid  to  dissolve  the  precipitate,  and  boil  a  piece 

of  copper  in  the  solution,  as  directed  in  the  correspond- 
i  ing  test  for  arsenium  {vide  page  196) ;  antimony  is  de- 
;  posited  on  the  copper.  Wash,  dry,  and  heat  the  copper  in 
ja  test-tube  as  before;  the  antimony,  like  the  arsenium, 
i  is  volatilized  off  the  copper,  and  condenses  on  the  side  of 
:  the  tube  as  white  oxide ;  but  the  sublimate,  from  its  low 
Jdegree  of  volatility,  condenses  close  to  the  copper ;  more- 
over, it  is  destitute  of  crystalline  character. 

Shake  out  the  copper  and  boil  water  in  the  tube  for 
a several  minutes.  Do  the  same  with  the  arsenical  sublimate 
s similarly  obtained.  The  deposit  of  arsenic  slowly  dissolves, 
jand  may  be  recognised  in  the  solution  by  ammonio-nitrate 
oof  silver ;  the  antimonial  sublimate  is  insoluble. 

Third  Analytical  Reaction. — Perform  the  experiments 
'.described  under  Marsh's  test  for  arsenium  (pp.  195-6),  care- 

•  fully  observing  all  the  details  there  mentioned,  but  using  a 
few  drops  of  solution  of  chloride  of  antimony  or  tartar  emetic 
instead  of  the  arsenical  solution.  An timoniuretted  hydrogen, 
3r  hydride  of  antimony  (SbH3),  is  formed  and  decomposed 

nin  the  same  way  as  arseniuretted  hydrogen. 

To  one  of  the  arsenium  spots  on  the  porcelain  lid  (p.  196) 
add  a  drop  of  solution  of  "  chloride  of  lime "  (bleaching- 
<po\vder) ;  it  quickly  dissolves.  Do  the  same  with  an  anti- 
mony spot ;  it  is  unaffected.  Heat  more  quickly  causes  the 
volatilization  of  an  arsenium  than  an  antimony  spot ;  sulphy- 
Irate  of  ammonium  more  readily  dissolves  the  antimony 
:han  the  arsenium. 

Boil  water  for  several  minutes  in  the  beaker  or  wide  test- 

mbe  containing  the  arsenious  sublimate  (p.  196)  ;  it  slowly 

lissolves,  and  may  be  recognised  in  the  solution  by  the  yellow 

precipitate  given  on  the  addition  of  solution  of  ammonio- 
A.c.  P 
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nitrate  of  silver.     The   antimonial  sublimate,  similarly 
treated,  does  not  dissolve. 

Pass  a  slow  current  of  sulphuretted  hydrogen  through  the 
delivery-tube  removed  from  the  hydrogen-apparatus  (p.  196), 
and  when  the  air  may  be  considered  to  have  been  expelled 
from  the  tube,  gently  heat  that  portion  containing  the 
deposit  of  arsenium ;  the  latter  will  be  converted  into  a 
yelloio  sublimate  of  sulphide  of  arsenium.  Remove  the  tube 
from  the  sulphuretted-hydrogen  apparatus,  and  repeat  the 
experiment  with  a  similar  antimony  deposit ;  it  is  converted 
into  orange  sulphide  of  antimony,  which,  moreover,  owing 
to  inferior  volatility,  condenses  nearer  to  the  flame  than 
sulphide  of  arsenium. 

Pass  dry  hydrochloric  acid  gas  through  the  two  delivery- 
tubes.  This  is  accomplished  by  adapting  first  one  tube  and 
then  the  other  by  a  cork  to  a  test-tube  containing  a  few 
lumps  of  common  salt,  on  which  a  little  sulphuric  acid  is 
poured  during  the  momentary  removal  of  the  cork.  The 
sulphide  of  antimony  dissolves  and  disappears;  the  sulphide 
of  arsenium  is  unaffected. 

Thorough  perception  of  the  chemistry  of  arsenium  and 
antimony  will  be  obtained  on  constructing  equations  or 
diagrams  descriptive  of  each  of  the  foregoing  reactions. 

Antidote— The  introduction  of  poisonous  doses  of  anti- 
monials  into  the  stomach  is  fortunately  quickly  followed  by 
vomiting.  If  vomiting  has  not  occurred,  or  apparently  to 
an  insufficient  extent,  any  form  of  tannic  acid  may  be 
administered  (infusion  of  tea,  nutgalls,  cinchona,  oak-bark, 
or  other  astringent  solutions  or  tinctures),  an  insoluble 
tannate  of  antimony  being  formed,  and  absorption  of  the 
poison  consequently  somewhat  retarded.  The  stomach-pump 
or  stomach-siphon  must  be  applied  as  quickly  as  possible. 

Recently  precipitated  moist  ferric  hydrate  is  also,  accord- 
ing to  T.  and  H.  Smith,  a  perfect  absorbent  of  antimony 
from  its  solutions,  the  chemical  action  being  probably,  they 
say,  similar  to  that  which  takes  place  between  ferric  hydrate 
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and  arsenious  anhydride.  It  may  be  given  in  the  form  of 
a  mixture  of  perchloride  of  iron  with  either  carbonate  of 
sodium  or  other  soluble  carbonate  or  bicarbonate,  or  with 
magnesia. 

These  statements  may  be  verified  by  mixing  together  the 
■  various  substances,  filtering,  and  testing  the  filtrate  for 
;  antimony  in  the  usual  manner.  ■ 


1  DIRECTIONS  FOR  APPLYING  THE  FOREGOING  REACTIONS  TO 
THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION  OF  A  SALT  OF 
ONE  OF  THE  ELEMENTS  ARSENIDM  AND  ANTIMONY. 

Acidify  the  liquid  with  hydrochloric  acid,  and  pass  through 
i  it  sulphuretted  hydrogen : — 

A  yellow  precipitate  indicates  arsenium  ; 

An  orange  precipitate  indicates  antimony. 

The  result  may  Joe  confirmed  by  the  application  of  other 
•  tests. 


1  DIRECTIONS  FOR  APPLYING  THE  FOREGOING  REACTIONS  TO 
THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION  OF  SALTS 
OF  BOTH  ARSENrUM  AND  ANTrMONY. 

Acidify  a  small  portion  of  the  liquid  with  hydrochloric 
I  acid,  and  pass  through  it  sulphuretted  hydrogen. 

Note  1. — If  the  precipitate  by  sulphuretted  hydrogen  is 
i  unmistakably  orange,  antimony  may  be  put  down  as  present, 
l  and  arsenium  only  further  sought  by  the  application  of 
1  Fleitmann's  test  to  the  solution  of  the  sulphides  in  aqua 
i  regia  *  freed  from  sulphur  by  boiling,  or,  better,  to  the 
(  original  solution. 

Note  2. — Sulphide  of  antimony  is  far  less  readily  soluble 
"  than  sulphide  of  arsenium  in  solution  of  carbonate  of  ammo- 
i  nium.    But  this  fact  possesses  limited  analytical  value  ;  for 

*  Aqua  Repia  is  a  mixture  of  four  parts  hydrochloric  and  three  parts 
nitric  acid.  It  was  so  called  from  its  property  of  dissolving  gold,  the 
"  king "  of  metals.  Diluted  with  rather  more  than  four  times  its  bulk 
of  water,  it  forms  the  Acidum  Nitro-hydrochloricum  Dilutum,  B.P. 
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the  colour  of  the  sulphides  is  already  sufficient  to  distinguish 
the  one  from  the  other  when  they  are  unmixed  ;  and  when 
mixed,  much  sulphide  of  antimony  will  prevent  a  little  sul- 
phide of  arsenium  from  being  dissolved  by  the  alkaline 
carbonate,  while  much  sulphide  of  arsenium  will  car^  a 
little  sulphide  of  antimony  into  the  solution.  When  the 
proportions  are,  apparently,  from  the  colour  of  the  preci- 
pitate, less  wide,  solution  of  carbonate  of  ammonium  will  be 
found  useful  in  roughly  separating  the  one  sulphide  from 
the  other.  On  filtering  and  neutralizing  the  alkaline  solu- 
tion by  an  acid,  the  yellow  sulphide  of  arsenium  is  repreci- 
pitatel  The  orange  sulphide  of  antimony  will  remain  on 
the  filter. 

Note  3.— Solution  of  bisulphite  of  potassium  is  said  by 
Wohler  to  be  a  good  reagent  for  separating  the  sulphidea  ot 
arsenium  and  antimony,  the  former  being  soluble,  the  latter 
insoluble  in  the  liquid. 

Note  4.— Another  reagent  for  separating  the  sulphides  ot 
arsenium  and  antimony  is  strong  hydrochloric  acid.  As  1  ittle 
water  as  possible  must  be  present.  On  boiling,  the  sulphide 
of  antimony  dissolves,  while  the  sulphide  of  arsenium  remains 
insoluble.  The  liquid,  slightly  diluted,  filtered,  more  water 
added,  and  sulphuretted  hydrogen  again  transmitted,  gives 
orange  sulphide  of  antimony.  The  process  should  previously 
be  tried  on  the'  precipitated  mixed  sulphides.  The  presence 
of  arsenium  may  be  confirmed  by  the  application  of  Fleit- 
mann's  test  to  the  original  solution. 

Note  5.— If  the  precipitate  by  sulphuretted  hydrogen  is 
unmistakably  yellow,  arsenium  may  be  put  down  as  presei  t 
and  any  antimony  be  detected  by  the  previous  or  one  of  the 
following  two  processes.  These  two  processes  are  rather 
long  and  require  much  care  in  their  performance;  but  a  e 
useful,  because  a  small  quantity  of  antimony  m  much  arsen- 
ium, or  vice  versd,  may  be  detected  by  their  means. 

First  proce^-Generate  hydrogen  and  pass  it  through  a 
small  wash-bottle  containing  solution  of  acetate  of  lead,  to 
ree  the  gas  from  any  trace  of  sulphuretted  hydrogen  it  maj 
possess,  a\id  then  through  a  dilute  solution  of  nitrate  ot 
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silver  contained  in  a  test-tube.  When  the  apparatus  is  in 
good  working  order,  pour  into  the  generating  bottle  the 
solution  to  be  examined,  adding  it  gradually  to  prevent 
violent  action.  After  the  gas  has  been  passing  for  five  or 
ten  minutes,  examine  the  contents  of  the  nitrate-of-silver 
tube  ;  arsenium,  if  present,  will  be  found  in  the  solution  in 
the  state  of  arsenious  acid, — 

AsH3  +  3H20  +  6  AgN03  -  H3As03  +  6HN03  +  3Ag2 ; 

while  antimony,  if  present,  will  be  found  in  the  black  pre- 
i  cipitate  that  has  fallen,  according  to  the  following  equation.: 

SbH3  +  3AgN03  =  SbAg3  +  3HN03. 

The  arsenious  radical  may  be  detected  in  the  clear,  filtered, 
supernatant  liquid,  which  still  contains  much  nitrate  of 
!  silver,  by  cautiously  neutralizing  with  a  very  dilute  solution 
of  ammonia,  or  by  adding  a  few  drops  of  solution  of  am- 
i  monio-nitrate  of  silver,  yellow  arsenite  of  silver  being  pro- 
duced.    The  antimony  may  be  detected  by  washing  the 
1  black  precipitate,  boiling  it  in  an  open  dish  with  solution 
of  tartaric  acid,  acidulating  with  hydrochloric  acid,  filtering 
and  passing  sulphuretted  hydrogen  through  the  solution, — 
i  the  orange  sulphide  being  precipitated.  (Hofmann.) 

Second  jwocess. — Obtain  the  metallic  deposit  in  the  middle 
of  the  delivery-tube  as  already  described  under  Marsh's  test. 
.  Act  on  the  deposit  by  sulphuretted  hydrogen  gas,  and  then 
I  by  hydrochloric  acid  gas,  as  detailed  in  the  third  analytical  • 
r  reaction  of  antimony  (p.  210).     If  both  arsenium  and  anti- 
i  mony  are  present,  the  deposit,  after  the  action  of  sulphuretted 
[hydrogen,  will  be  found  to  be  of  two  colours,  the  yellow  sul- 
;  phide  of  arsenium  being  usually  farther  removed  from  the 
t  heated  portion  of  the  tube  than  the  orange  sulphide  of  anti- 
mony.   Moreover,  subsequent  action  of  hydrochloric  acid  gas 
causes  disappearance  of  the  antimonial  deposit,  which  is  con- 
averted  into  chloride  of  antimony  and  carried  off  in  the  stream 
of  gas. 

The  chief  objection  to  this  process  is  the  liability  of  the 
operator  mistaking  sulphur,  deposited  from  the  sulphuretted 
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hydrogen  gas  by  heat,  for  sulphide  of  arsenium.  But  the 
presence  or  absence  of  arsenium  is  easily  confirmed  by  apply- 
ing Meitmann's  test  to  the  original  solution,  while  the  pro- 
cess is  most  useful  for  the  detection  of  a  small  quantity  of  a 
salt  of  antimony  when  mixed  with  much  arsenical  matter. 
On  the  whole,  Hofmann's  method  is  to  be  recommended. 


The  laboratory  student  may  now  proceed  to  the  analysis 
of  aqueous  solutions  of  salts  of  any  of  the  metallic  elements 
hitherto  considered.  The  method  followed  may  be  that  for 
the  separation  of  the  previous  three  groups,  sulphuretted 
hydrogen  being  first  passed  through  the  solution  to  throw 
out  arsenium  and  antimony.  The  whole  scheme  of  analysis 
is  given  in  the  accompanying  Table.  Three  or  four  solutions 
should  be  examined  before  proceeding  to  the  next  and  last 
group  of  metals. 

Learners  who  have  no  opportunity  of  working  at  practical 
analysis  will  gain  much  knowledge  by  endeavouring,  not  to 
remember,  but,  to  understand  these  methods  of  separating 
elements  from  each  other  in  a  solution  containing  several 
compounds. 


QUESTIONS  AND  EXEKCISES. 

What  is  the  composition  and  source  of  "  Black  Antimony  "  ? — In  what 
alloys  is  metallic  antimony  a  characteristic  ingredient? — What  is  the 
quantivalence  of  antimony  as  far  as  indicated  by  the  formulae  of  the  offi- 
cial preparations  ? — By  a  diagram  show  how  "  Butter  of  Antimony','  is 
prepared. — Write  out  equations  or  diagrams  expressive  of  the  reactions 
which  occur  in  converting  chloride  of  antimony  into  oxide. — What  is  the 
formula  of  Tartar  Emetic  ?  —  Explain  the  preparation  of  Oxysulphide  of 
Antimony  (Antimonium  Sulphur  atum.  B.P.)  by  aid  of  diagrams? — Give  a 
comparative  statement  of  the  tests  for  arsenium  and  antimony. — How  is 
antimony  detected  in  the  presence  of  arsenium  ? — How  may  arsenium 
and  iron  be  distinguished  analytically  ? — Describe  a  method  by  which 
antimony,  magnesium,  and  iron  may  be  separated  from  each  other. — 
Draw  out  a  chart  for  the  analysis  of  an  aqueous  liquid  containing  salts  of 
arsenium,  zinc,  calcium,  and  ammonium. 


COPPER,  MERCURY,  LEAD,  SILVER. 

These  metals,  like  arsenium  and  antimony,  are  precipitated 
from  acidified  solutions  by  sulphuretted  hydrogen,  in  the 
form  of  sulphides  ;  but  the  sulphides,  unlike  those  of  arsen- 
ium and  antimony,  are  insoluble  in  alkalies.     The  atom  of 
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copper  is  usually  bivalent,  Cu";  mercury  bivalent  in  the 
mercuric  salts,  Hg" ;  and  univalent  in  the  mercurous  salts, 
Hg' ;  lead  sometimes  quadrivalent,  Pb"",  but  generally  ex- 
erting only  bivalent  activity,  Pb" ;  and  silver  univalent,  Ag'. 

COPPER. 

Symbol,  Cu.    Atomic  weight, -63-3. 

Source. — The  commonest  ore  of  this  metal  is  copper  pyrites, 
a  double  sulphide  of  copper  and  iron,  raised  in  Cornwall; 
Australia  and  Russia  supply  malachite,  a  mixed  carbonate 
and  hydrate  ;  much  ore  is  also  imported  from  Spain  and  from 
South  America.  It  is  smelted  in  enormous  quantities  at 
Swansea,  South  Wales,  a  locality  peculiarly  fitted  for  the 
operation  on  account  of  its  proximity  to  the  coal-fields,  and 
its  position  as  a  seaport — these  united  advantages  insuring 
cheap  fuel  and  freightage  to  the  different  metallurgical  estab- 
lishments. By  Hollway's  economical  method  of  smelting 
copper  pyrites  and  other  sulphides,  after  the  sulphide  is  once 
melted,  air  is  driven,  not  over,  as  usual,  but  through  the 
mass ;  the  combustion  of  the  sulphur  then  becomes  self-sup- 
porting, and  is  greatly  accelerated. 

Alchemy.—  The  alchemists  termed  this  metal  Venus,  per- 
haps on  account  of  the  beauty  of  its  lustre,  and  gave  it  her 
symbol  1,  a  compound  hieroglyphic  also  indicating  a  mixture 
of  gold  0  and  a  certain  hypothetical  substance  called  acri- 
mony >j<,  the  corrosive  nature  of  which  was  symbolized  by 
the  points  of  a  Maltese  cross.  To  this  day  the  blue  show- 
bottle  in  the  shop-window  of  the  pharmacist  is  occasionally 
ornamented  by  such  a  symbol,  indicating,  possibly,  that  the 
blue  liquid  in  the  vessel  is  a  preparation  of  copper. 

Coinage—  The  material  of  our  "copper"  coinage  is  now  a 
bronze  mixture  composed,  in  100  parts  by  weight,  of  95 
copper,  4  tin,  and  1  zinc,  the  same  as  in  the  copper  coinage 
of  France.  The  penny  is  coined  at  the  rate  of  48  pence  in 
one  pound  avoirdupois  of  7,000  grains,  or  453"6  grammes; 
the  halfpenny  at  80  in  the  pound  avoirdupois,  and  the  far- 
thing at  160.  These  British  bronze  coins  or  tokens  are  a 
legal  tender  in  payments  to  the  amount  of  Is. 

Metallic  Copper  {Cuprum,  B.P.)  in  the  form  of  fine  wire, 
about  No.  25  of  the  Birmingham  wire  gauge,  or  0O2  of  an 
inch  in  diameter,  is  used  in  preparing  Spiritus  Athens 
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Nitwsi,  B.P.  Copper  Foil,  B.P.,  is  "pure  metallic  copper, 
:  thin  and  bright." 

Quantivalence.— Copper  forms  two  classes  of  salts;  in  one 
I  the  atom  is  bivalent  (Cu"),  in  the  other  it  exerts  univalent 
a  activity  (Cu').  The  former  are  of  primary  importance  to  the 
-student,  the  latter  being  for  the  most  part  unstable  and 
vwanting  in  technical  interest.  Their  compounds  are  distin- 
guished as  cupric  and  cuprous.  Cuprous  iodide  (Cu2I2)  will 
the  subsequently  referred  to  as  a  convenient  form  in  which  to 
rremove  iodine  from  solution,  while  the  formation  of  cuprous 
-■oxide  (Cu20),  under  given  circumstances,  will  come  under 
nnotice  as  an  indicator  of  the  presence  of  sugar  in  a  liquid. 

Reactions  having  Synthetical  Interest. 

The  processes  for  the  following  salts  include  the  only 
ssynthetical  reactions  having  any  medical  or  pharmaceutical 
^interest : — (1)  cupric  oxide,  the  black  oxide  of  copper,  pre- 
ppared  by  heating  fragments  of  copper  to  low  redness  on  a 
ppiece  of  earthenware  in  an  open  fire ;  (2)  cupric  sulphate,  the 
ccommon  sulphate  of  copper,  prepared  by  boiling  black  oxide 
nand  about  an  equal  weight  of  sulphuric  acid  in  water,  filter- 
ing and  setting  aside  the  solution,  so  that  crystals  may  form 
'■on  cooling;  and  (3)  ammonio-sulphates  of  copper,  for  the  pre- 
paration of  which  see  pages  199  and  219. 

Cu2      +      02      =  2CuO 

Copper.  Oxygen.  Cupric  oxide. 

CuO     +     H2S04     =     CuS04     +  H20 

Cupric  oxide.         Sulphuric  acid.      Cupric  sulphate.  Water. 

Sulphate  of  Copper  {Cupri  Sulphas,  B.P.)  (CuSO,,,  5H20), 
blue  vitriol,  blue  stone,  or  cupric  sulphate  is  the  only  copper 
-salt  much  used  in  pharmacy.  It  is  a  by-product  in  silver- 
refining  (2  Ag2S04  +  Cu2  =  2CuS04  +  2Ag2).  A  little  is  formed 
in  roasting  copper  pyrites.  In  the  latter  case,  some  sulphide 
-if  ron  and  sulphide  of  copper  are  oxidized  to  sulphates ;  but 
'lthe  low  red  heat  finally  employed  decomposes  the  sulphate  of 
iron,  while  the  sulphate  of  copper  is  unaffected ;  it  is  puri- 
fied by  crystallization  from  a  hot  aqueous  solution,  though 
frequently  much  sulphate  of  iron  remains  in  the  crystals. 
Sulphate  of  copper  results  on  dissolving  in  diluted  sulphuric 
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acid  the  black  oxide  (CuO)  obtained  in  annealing  copper 
plates  (see  the  foregoing  equation) ;  it  may  also  be  prepared 
by  boiling  copper  with  three  times  its  weight  of  sulphuric 
acid(2H2S04  +  Cu-CuSOi  +  S02  +  2H20),  diluting,  filtering 
evaporating,  and  crystallizing.  In  this  process  a  little  black 
sulphide  of  copper  is  formed. 

Anhydrous  Sulphate  of  Copper,  B.P.  (CuS04),  is  a  yellow- 
ish-white powder  prepared  by  depriving  the  ordinary  blue 
crystals  of  sulphate  of  copper  of  their  water  of  crystallization 
by  exposing  to  a  temperature  of  about  400°  F.  It  is  used  in 
testing  alcohol  and  similar  spirituous  liquids  for  water,  be- 
coming blue  if  the  latter  be  present. 

Nitrate  of  Copper  (Cupri  Nitras,  B.P.),  or  cupric  nitrate. 
Digest  copper  in  diluted  nitric  acid.  When  action  has 
ceased,  evaporate  and  crystallize.  If  the  crystals  form  at  a 
temperature  of  73°  to  80°  F.,  they  are  prismatic  and  triny- 
drous,  Cu(N03)o3H00  ;  at  lower  temperatures,  tabular  and 
hexahydrous,  Cu  (N03)2,  6H20. 

3Cu2  +  16HN03  +  10H2O  =  6Cu(N03)2,(H20)3  +  4NO. 

Copper.     Nitric  acid.     Water.         Nitrate  of  copper.      Nitric  oxide. 

Verdigris  {from  verdi-gris,  Sp.,  green-grey)  is  a  SuWate 
or  Oxyacetate  of  Copper  (B.P.)  (Cu202C2H302),  obtained 
by  exposing  alternate  layers  of  copper  and  fermenting 
refuse  grape-husks  to  the  action  of  air.  Digested  with 
twice  itsg  weight  of  acetic  acid  and  a  little  water,  the ^  mix- 
ture being  evaporated  to  dryness  and  the  residue  dissolved 
in  water,  it  forms  the  official  Solution  of  Acetate  of  Ooppei 

(CTh°e2  modes  of  forming  Cupric  Sulphide  Hydrate,  Oxide, 
F^ocyZide  and  ArseJte,  as  well  as  Metallic  Copper are 
incidentally  alluded  to  in  the  following  analytical  paragraphs. 

Eeactions  having  Analytical  Interest  (Tests). 

First  Analytical  Reaction.-?^  sulphuretted  hydrogen 
through  an  acidified  solution  of  a  copper  salt  (^J*.  ** 
example) ;  a  black  precipitate  (cupric  sulphide,  Cub)  falls. 

Second  Analytical  Reaction.-To  an  aqueous  copper 
solution  add  sulphydrate  of  ammonium;  by  this  reagent, 
also,  cupric  sulphide  is  precipitated,  insoluble  in  excess. 

ffote.-Cuprio  sulphide  is  not  altogether  insoluble  n 
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;  sulphydrate  of  ammonium  if  free  ammonia  or  much  am- 
moniacal  salt  be  present ;  it  is  quite  insoluble  in  the  fixed 
;  alkaline  sulphydrates. 

Third  Analytical  Reaction. — Immerse  a  piece  of  iron  or 
:  steel  such  as  the  point  of  a  penknife  or  a  piece  of  wire,  in 
;  a  few  drops  of  copper  solution ;  the  copper  is  deposited,  of 
i  characteristic  colour,  an  equivalent  quantity  of  iron  passing 
iinto  solution.  By  this  reaction  copper  may  be  recovered  on 
t  the  large  scale  from  waste  solutions,  old  hoop  or  other  scrap 
iiron  being  thrown  into  the  liquors. 

Note. — This  reaction   furnishes   another   illustration  of 
'  direct  chemical  substitution.    As  a  matter  of  fact,  56  parts 
>"of  the  iron  displace  63-3  of  copper.    As  a  matter  of  theory, 
iin  the  whole  mass  of  sulphate  of  copper  each  of  the  (theoreti- 
tcal)  ultimate  particles  or  atoms  of  copper  weighing  63  3,  is  dis- 
placed by,  or  substituted  by,  one  of  the  (theoretical)  ultimate 
[particles  or  atoms  of  iron,  weighing  56,  in  the  mass  of  iron, 
i  Why  should  the  fact  be  as  stated ?    We  do  not  know;  but 
f  the  best,  nay,  the  only,  suggested  explanation  is  that  by 
IDalton,  the  one  just  applied,  namely,  "the  atomic  theory," 
I  t  the  theory  that  matter  is  not  infinitely  divisible  but  composed 
Idof  finite  particles,  conveniently  termed  atoms.    Just  as  the 
htbricks  in  a  house  might  be  displaced,  one  by  one,  by  similarly 
:  -shaped  pieces  of  stone,  without  the  structure,  qua  structure, 
|  oor  architecture,  being  altered,  so  the  copper  atoms  in  the 
chemical  structure  termed  sulphate  of  copper  may  be  dis- 
1 1 placed,  one  by  one,  by  iron  atoms,  the  essential  structure  (at 
I  rfirst  CuS04,  afterwards  FeS04)  not  being  altered.    (In  this 
[particular  case  some  other  buildings,  or  wings,  namely,  2H20, 
<are  added  to  the  structure  at  the  same  time,  but  this  need 
nnot  complicate  the  leading  idea  just  offered.) 

Fourth  Analytical  Reaction.— Add  ammonia  to  a  cupric 
-solution ;  cupric  hydrate  (Cu2HO)  of  a  light-blue  colour  is 
| [precipitated.  Add  excess  of  ammonia;  the  precipitate  is 
nredissolved,  forming  a  blue  solution  of  ammonio-salt  of  copper, 
peo  deep  in  colour  as  to  render  ammonia  an  exceedingly  deli- 
ccate  reagent  for  this  metal. 

An  ammonio-sulphate  of  copper  may  be  obtained  in  large 
crystals  by  adding  strongest  solution  of  ammonia  to  powdered 
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sulphate  of  copper  until  the  salt  is  dissolved,  placing  the 
liquid  in  a  test-glass  or  cylinder,  cautiously  pouring  in  twice 
its  volume  of  strong  alcohol  or  methylated  spirit,  taking  care 
that  the  liquids  do  not  become  mixed,  tying  over  the  vessel 
with  bladder,  and  setting  aside  for  some  weeks  in  a  cool  place. 
(Wittstein.)  The  constitution  of  ammonio-sulphate  and 
other  ammonio-salts  of  copper  and  corresponding  salts  of 
silver,  will  be  alluded  to  in  connection  with  "  white  pre- 
cipitate," the  official,  "  ammoniated  mercury." 

Fifth  Analytical  Reaction. — Add  solution  of  potash  or  soda 
to  a  cupric  solution ;  cupric  hydrate  (Cu2HO)  is  precipitated, 
insoluble  in  excess.  Boil  the  mixture  in  the  test-tube  ;  the 
hydrate  is  decomposed,  losing  the  elements  of  water,  and 
becoming  the  black  anhydrous  oxide  (CuO). 

Sixth  Analytical  Reaction.— Add  solution  of  ferrocyanide 
of  potassium  (K4Fcy)  to  an  aqueous  cupric  solution ;  a  reddish- 
brown  precipitate  (cupric  ferrocyanide,  Cu2Fcy)  falls.  This 
is  an  extremely  delicate  test  for  copper. 

Note.—0£  course  this  reaction,  like  most  chemical  reactions, 
offers  a  case  of  chemical  substitution  (four  univalent  atoms 
of  potassium,  K4,  by  two  bivalent  atoms  of  copper,  Cu2) ;  it 
only  is  not  quite  so  direct  as  that  of  the  third  reaction. 

Seventh  Analytical  Reaction.— To  a  cupric  solution  add 
solution  of  arsenic,  and  cautiously  neutralize  with  alkali ; 
green  cupric  arsenite  (CuHAs03)  falls. 

Note.— This  precipitate  has  been  mentioned  already  under 
arsenium.  An  arsenium  salt  is  thus  a  test  for  copper,  as  a 
copper  salt  is  for  arsenium,— a  remark  that  may  obviously  be 
extended  to  most  analytical  reactions ;  for  the  body  acted 
upon  characteristically  by  a  reagent  is  as  good  a  test  for  the 
reagent  as  the  reagent  is  for  it  ;  indeed,  it  becomes  a  reagent 
when  the  other  body  is  the  object  of  search. 

Most  copper  salts  colour  flame  green,  the  chloride  blue. 

Antidotes.— In  cases  of  poisoning  by  compounds  of  copper, 
iron  filings  should  be  administered,  the  action  of  which  has 
just  been  explained  (see  Third  Analytical  Reaction).  Ferro- 
cyanide of  potassium  may  also  bo  given  {see  Sixth  Analytical 
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Reaction).  Albumen  forms  with  copper  a  compound  insoluble 
in  water,  hence  raw  eggs  should  be  swallowed;  vomiting 
being  induced  or  the  stomach-pump,  or  stomach-siphon,  ap- 
plied as  speedily  as  possible. 


QUESTIONS  AND  EXERCISES. 

What  are  the  analytical  relations  of  copper,  mercury,  lead  and  silver  to 
each  other  and  to  arsenium  and  antimony  ? — Name  the  sources  of  copper. 
—What  proportion  of  copper  is  contained  in  English  and  French  "copper  " 
coins  ?— Give  diagrams  showing  how  Sulphate  of  Copper  is  prepared  on 
the  small  and  large  scales.— Work  out  a  sum  showing  how  much  Crys- 
tallized Sulphate  of  Copper  may  be  obtained  from  100  parts  of  sulphide. 
Am.  261£.— How  may  Oxide  of  Copper  be  prepared  ?— Mention  the  for- 
mula of  Verdigris.  Name  a  good  chemical  test  for  copper.— What  is  the 
analytical  position  of  copper  ?— Mention  the  chief  tests  for  copper.— How 
may  copper  be  separated  from  arsenium  ?— Why  is  finely  divided  iron  an 
antidote  in  poisoning  by  copper  ? 


MERCURY. 

Symbol,  Hg.    Atomic  weight,  200. 

Molecular  weight,  200  (not  double  the  atomic  weight). 

Source.  —Mercury  occurs  in  Nature  as  sulphide  (HgS), 
i  forming  the  ore  cinnabar  (an  Indian  name  expressive  of  some- 
i  thing  red),  and  is  obtained  from  Spain,  California,  Eastern 
1  Hungary,  China,  Japan,  and  Peru. 

Preparation  —The  metal  is  separated  by  roasting  off  the 
sulphur  and  then  distilling,  or,  better,  distilling  with  lime 
\  which  combines  with  and  retains  the  sulphur. 

Properties.-  Mercury  (Hydrargyrum,  B.P.)  is  a  silver- 
uvhite,  lustrous  metal,  liquid  at  common  temperatures  It 
1  boils  at  662°  F.,  and  at  -40°  F.  solidifies  to  a  malleable  mass 
>of  octahedral  crystals.  When  quite  free  from  other  metals, 
nt  does  not  tarnish,  and  its  globules  roll  freely  over  a  sheet 
•of  white  paper  without  leaving  any  streak  or  losing  their 
spherical  form. 

Formula.— The  formula  of  the  mercury  molecule  is  Hg  and 
nnotHg2  because  (at  all  events  at  the  high  temperature  at 
winch  alone  the  weight  of  its  vapour  can  be  determined)  two 
volumes,  which,  if  hydrogen  would  weigh  two  parts  (H2)  or 
oxygen  thirty-two  parts  (02),  in  the  case  of  mercury  vapour 
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weigh  only  two  hundred  parts  (Hg) ;  that  is,  only  once  the 
atomic  weight,  not  twice.  That  200,  and  not  100,  is  the 
atomic  weight  of  mercury,  is  shown  by  the  fact  that  200  is  the 
minimum  proportion,  relative  to  1  of  hydrogen,  in  which  mer- 
cury combines,  and  by  its  relations  to  heat.  Still  it  is  difficult 
to  imagine  an  atom  existing  in  the  free  state  in  Nature ;  and 
the  suggestion  has  been  made  that  (as  is  proved  to  be  the 
case  with  sulphur)  mercury,  as  we  know  it,  is  in  an  abnormal 
condition,  and  that  if  the  weight  of  its  vapour  could  be  taken 
at  a  lower  temperature  or  under  some  other  conditions,  its 
molecular  weight  might  be  found  to  be  400.  Similar  remarks 
may  be  made  respecting  zinc  and  cadmium,  the  molecular 
weights  of  which,  so  far  as  we  know,  are  identical  with  their 
atomic  weights.  At  a  very  high  temperature  the  weight  of 
the  vapour  of  iodine  indicates  a  uniatomic  molecule  (I),  at  less 
elevated  temperature  two  atoms  in  the  molecule  (I2),  a  fact 
strongly  supporting  the  inference  that  the  real  molecular 
weight  of  mercury  is  400. 

Medicinal  Compounds. — The  compounds  of  mercury  used 
in  medicine  are  all  obtained  from  the  metal.  The  metal  itself, 
rubbed  with  chalk  or  with  confection  of  roses  and  powdered 
liquorice-root,  or  with  lard  and  suet,  until  globules  are  not 
visible  to  the  unaided  eye,  is  often  used  in  medicine.  The 
preparations  are : — the  Hydrargyrum  cum  Creta,  B.P.,  or 
"  Grey  Powder ;  »  Pilula  Hydrargyria  B.P.,  or  "  Blue  Pill ;  " 
and  Unguentum  Hydrargyria  B.P.,  or  "Blue  Ointment." 
There  are  also  a  Compound  Ointment,  a  Plaster  of  Mercur}', 
a  Plaster  of  Ammoniacum  and  Mercury,  a  Liniment,  and  a 
Suppository,  all  official.  Their  therapeutic  effects  are  prob- 
ably due,  not  to  the  large  quantity  of  metallic  mercury  in  them, 
but  to  the  small  quantities  of  black  and  red  oxide  which 
occur  in  them  through  the  action  of  the  oxygen  of  the  air  on 
the  finely  divided  metal.  The  proportion  of  oxide  or  oxides 
varies  according  to  the  age  of  the  specimen.  All  these 
medicinal  preparations  of  metallic  mercury  are  indefinite  and 
unsatisfactory,  and  that  through  no  fault  of  the  pharmacist. 
They  much  need  investigation  by  pharmacologists  and  thera- 
peutists. Here,  as  in  many  similar  cases,  if  Medicine  would 
first  ascertain  her  own  requirements,  and  then  make  them 
known,  her  handmaid  Pharmacy  would  be  found  to  be  quite 
capable  of  supplying  them. 

Mercurous  and  Mercuric  Compounds. — Mercury  combines 
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with  other  elements  and  radicals  in  two  proportions  :  those 
compounds  in  which  the  acidulous  radicals  are  in  the  lesser 
amount  are  termed  mercurous,  the  higher  being  mercuric. 
Thus  calomel  (HgCl)  *  is  mercurous  chloride,  while  corrosive 
sublimate  (HgCl2)  is  mercuric  chloride.  _  In  every  pair  of 
mercury  compounds  the  mercuric  contains  ticice  as  much 
complementary  radical,  in  proportion  to  the  mercury,  as  the 
mercurous. 

Note  on  Nomenclature.— -The  remarks  made  concerning 
the  two  classes  of  iron  salts,  ferrous  and  ferric  (p.  159),  apply 
in  the  main  to  the  two  series  of  mercury  salts.  The  latter 
are  systematically  distinguished  in  most  modern  works  by 
the  terms  mercurous  and  mercuric.  But  the  alteration  of 
names  of  well-known  substances  in  Medicine  andPharmacy, 
especially  if  they  are  poisonous  substances,  is  liable  to  be 
attended  by  serious  consequences  to  patients ;  therefore  in 
the  British  Pharmacopoeia,  which  includes  only  a  few  in  com- 
parison with  the  whole  number  of  mercury  salts,  older  and 
more  strongly  contrasted  names  are  employed,  thus : — 

Systematic  names.  Official  names. 

Mercuric  iodide    .    .    .    Bed  iodide  of  mercury. 


Mercuric  nitrate  . 
Mercuric  sulphate. 
Mercurous  chloride 
Mercuric  chloride . 
Red  mercuric  oxide 


Nitrate  of  mercury. 
Persulphate  of  mercury. 
Subchloride  of  mercury. 
Perchloride  of  mercury. 
)     Red  oxide  of  mercury. 


Yellow  mercuric  oxide  j    Yellow  oxide  of  mercury. 

Specific  Gravity. — Mercury  is  13*6  times  as  heavy  as 
water. 

Amalgams. — The  compound  formed  on  fusing  metals  to- 
gether is  usually  termed  an  alloy  (ad  and  ligo,  I  bind) ;  but 
if  mercury  is  a  constituent,  an  amalgam  (fxakay/xa,  malagma, 
from  fiaXdao-io,  malasso,  I  soften,  the  presence  of  mercury 
lowering  the  melting-point  of  such  a  mixture).  Most  metals, 
even  hydrogen,  according  to  Loew,  form  amalgams. 
"Electric  amalgam  "  consists  of  1  part  each  of  tin  and  zinc 
and  3  parts  mercury. 

*  The  specific  gravity  of  the  vapour  of  calomel,  and  the  fact  that  the 
salt  is  not  decomposed  at  the  temperature  at  which  its  specific  gravity  is 
taken,  indicate  that  the  formula  of  calomel  is  HgCl,  and  not  Hg2Cl2. 
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Reactions  having  Synthetical  Interest. 

The  Two  Iodides. 

First  Synthetical  Reaction. — Rub  together  a  small  quan- 
tity of  mercury  and  iodine,  controlling  the  rapidity  of  com- 
bination by  adding  previously,  and  afterwards  occasionally, 
a  few  drops  of  spirit  of  wine,  which  by  evaporation  absorbs 
heat,  and  thus  keeps  down  the  temperature.  The  product  is 
either  mercuric  iodide,  mercurous  iodide,  or  a  mixture  of  the 
two,  as  well  as  mercury  or  iodine,  if  excess  of  either  has  been 
emploj^ed.  If  the  two  elements  have  been  previously  weighed 
in  single  atomic  proportions,  200  of  mercury  to  127  of  iodine 
(about  8  to  5,  or  1  ounce  of  mercury  to  278 grains  of  iodine),  the 
mercurous  or  green  (greyish-green)  iodide  results,  Hgl ;  if 
in  the  proportion  of  one  atom  of  mercury  to  two  atoms  of 
iodine  (200  to  twice  127,  or  about  4  to  5),  the  mercuric  or 
red  iodide,  Hgl2,  results — an  iodide  that  is  official,  but  made 
in  another  way  (see  p.  226).  The  green  iodide  should  be 
made  and  dried  (without  heat)  with  as  little  exposure  to 
light  as  possible.  Red  iodide  may  be  removed  from  it  by 
well  washing  with  alcohol. 

Mercurous  iodide  is  decomposed  slowly  by  light,  and 
quickly  by  heat,  into  mercuric  iodide  and  mercury.  Mercuric 
iodide  occurring  as  an  impurity  in  mercurous  iodide  may  be 
detected  by  digesting  in  ether  (in  which  mercurous  iodide  is 
insoluble),  filtering,  and  evaporating  to  dryness  ;  mercuric 
iodide  remains.  Mercuric  iodide  is  stable,  and  may  be  sub- 
limed in  scarlet  crystals  without  decomposition.^  (For  the 
mechanical  details  of  the  method  by  which  a  specimen  of  the 
crystals  may  be  obtained,'and  the  precautions  to  be  observed, 
vide  "  corrosive  sublimate,"  p.  230.) 

Relation  of  Mercuric  Iodide  to  Light.— In  condensing, 
mercuric  iodide  is  at  first  yellow,  afterwards  acquiring  its 
characteristic  scarlet  colour.  This  may  be  shown  by  smear- 
ing or  rubbing  a  sheet  of  white  paper  with  the  red  iodide, 
and  then  holding  the  sheet  before  a  fire  or  over  a  flame  for 
a  few  seconds.  As  soon  as  the  paper  becomes  hot  the  red 
instantly  changes  to  yellow,  and  the  salt  does  not  quickly 
regain  its  red  colour,  even  when  cold,  if  the  paper  is  carefully 
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handled.  But  if  a  mark  be  made  across  the  sheet  by  anything 
at  hand,  or  the  salt  be  pressed  or  rubbed  in  any  way,  the  por- 
tions touched  immediately  return  to  the  scarlet  condition.  Ac- 
cording to  Warington,  this  change  is  consequent  upon  rhom- 
boiclal  crystals  being  converted  into  octahedra  with  a  square 
base,  and  will  serve  as  an  excellent  illustration  of  the  in- 
fluence of  physical  structure  in  causing  colour.  The  yellow 
modification  so  acts  on  the  rays  of  white  light  shining  on  its 
particles  as  to  absorb  the  violet  and  reflect  the  complemen- 
tary hue,  the  yellow,  which,  entering  the  eye  of  the  observer, 
strikes  his  retina,  and  thus  conveys  to  the  brain  the  impres- 
sion of  yellowness  ;  and  the  red  modification,  though  actually 
the  same  chemical  substance,  is  sufficiently  different  in  the 
structure  of  its  crystals  to  absorb  the  green  constituent  of 
white  light  and  reflect  the  complementary  ray,  the  red. 

Illustration  of  the  Chemical  Law  o  f  Multiple  Proportions 
(p.  46). — Applying  the  atomic  theory  to  the  above  iodides,  it 
will  at  once  be  apparent  why  mercury  and  iodine  should 
combine  in  the  proportion  of  200  of  mercury  with  either  127 
or  254  of  iodine,  and  not  with  any  intermediate  quantity. 
Eor  it  is  part  of  that  theory  that  masses  are  composed  of 
atoms,  and  that  atoms  are  indivisible,  and  that  the  weight 
of  the  atom  of  mercury  is  to  that  of  iodine  as  200  is  to  127. 
Mercury  and  iodine  can  only  combine,  therefore,  in  atomic 
proportions,  atom  to  atom  (which  is  the  same  as  200  to  127), 
or  one  atom  to  two  atoms  (which  is  the  same  as  200  to  254). 
To  attempt  to  combine  them  in  any  intermediate  proportion 
would  be  useless,  a  mere  mixture  of  the  two  iodides  would 
result.    A  higher  proportion  of  mercury  than  200  to  127  of 
iodine  gives  but  a  mixture  of  mercurous  iodide  and  mercury ; 
a  higher  proportion  of  iodine  than  254  to  200  of  mercury 
gives  but  a  mixture  of  mercuric  iodide  and  iodine.  Or, 
for  example,  200  grains  of  'mercury  mixed  with,  say,  200  of 
iodine  would  yield  139  grains  of  mercurous  iodide  and  261  of 
mercuric  iodide;  for  the  200  grains  of  mercury  uniting  with 
127  of  the  iodine  gives,  for  the  moment,  327  grains  of  mer- 
curous iodide  and  73  of  iodine  still  free.    The  73  grains  of 
iodine  will  immediately  unite  with  188  of  the  mercurous 
iodide  (for  if  127  of  I  require  327  of  Hgl  to  form  Hgl2,  73 
will  require  188),  and  form  261  grains  of  mercuric  iodide, 
diminishing  the  327  grains  of  mercurous  iodide  to  139. 

Note  on  Atomic  Weight. — But  the  student  will  ask,  does 
127  represent  t,ha  ntomio   position,  of  iodine;  relative,  of 
A.C.  q 
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course,  to  1  of  hydrogen,  16  of  oxygen,  and  so  on  ?  Yes : 
because  all  synthetical  and  analytical  operations  _  with 
iodine  show  that  127  parts  by  weight  is  the  quantity  in 
which  iodine  migrates  from  compound  to  compound,  or  either 
displaces  or  is  displaced  by  chlorine  or  bromine  ;  secondly,  be- 
cause equal  gaseous  volumes  of  such  elements  contain  equal 
numbers  of  atoms,  and  such  equal  volumes  weighing  1,  16, 
127,  etc.,  each  of  the  atoms  of  the  respective  elements  must 
weigh  1, 16,  127,  etc. ;  and  thirdly,  because  similar  numerical 
relationships  are  met  with  when  the  specific  heats  of  the 
elements  are  determined,  or  when  their  electrical,  optical, 
isomorphic  and  other  relationships  are  studied.  (Vide  Index 
under  the  words,  "  Atomic,"  "  Constitution,"  "  Molecular," 
"  Structure,"  etc.) 

Preparation  of  Red  Iodide  of  Mercury  by  Precipitation. 

 To  a  few  drops  of  a  solution  of  a  mercuric  salt  (corrosive 

sublimate,  for  example)  add  solution  of  iodide  of  potassium, 
drop  by  drop  ;  a  precipitate  of  mercuric  iodide  forms,  and  at 
first  redissolves,  but  is  permanent  when  sufficient  iodide  has 
been  added.  Continue  the  addition  of  iodide  of  potassium ; 
the  precipitate  is  redissolved. 

HgCl2       +       2KI     =    Hgl2       +  2KC1 

Mercuric  chloride.  Iodide  of  potassium.  Mercuric  chloride.  Chloride  of  potassium. 

Notes. -When  first  precipitated,  mercuric  iodide  is 
yellowish-red,  but  soon  changes  to  scarlet.— Its  solubility 
either  in  solution  of  the  mercuric  salt  or  in  solution  of  iodide 
of  potassium  renders  the  detection  of  a  small  quantity  of  a 
mercuric  salt  by  iodide  of  potassium,  or  a  small  quantity  ot 
an  iodide  by  a  mercuric  solution,  difficult,  and  hence  lessens 
the  value  of  the  reaction  as  a  test.— But  the  reaction  has 
synthetical  interest,  the  method  of  precipitation  being  that 
adopted  in  the  British  Pharmacopoeia  {Hydrargyn  Iodidum 
Rubrum,  B.P.).  Mercuric  iodide  thus  made  has  the  same 
composition  as  that  prepared  by  direct  combination  of  its 
elements.  Equivalent  proportions  of  the  two  salts  must  be 
used  in  making  the  preparation  (HgCl2  =  271; 
About  4  parts  of  corrosive  sublimate  are  dissolved  _  in  bU  or 
60  of  water  (warmth  quickens  solution)  and  5  of  iodide  ol 
potassium  in  15  or  20  of  water,  the  solutions  mixed  and  the 
precipitate  collected  on  a  filter,  drained,  washed  twice  with 
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distilled  water,  and  dried  on  a  plate  over  a  water-bath. 
Mercuric  nitrate,  which,  is  more  soluble  and  therefore  some- 
what more  convenient  for  use  "on  the  large  scale,  may  be 
used  instead  of  the  mercuric  chloride. — The  mercury  in 
mercuric  or  mercurous  iodide  is  set  free,  and  sublimes  in 
globules,  on  heating  either  powder  with  dried  carbonate  of 
sodium  in  a  test-tube  ;  the  iodine  may  be  detected  by  digest- 
ing with  solution  of  soda,  filtering,  and  to  the  solution  of 
iodide  of  sodium  thus  formed  adding  starch-paste  and  acidu- 
lating with  nitrous  acid,  when  blue  iodide  of  starch  results. 
—Mercuric  iodide  is  insoluble  in  water,  slightly  soluble  in 
alcohol,  tolerably  soluble  in  ether.— Precipitated  red  iodide 
of  mercury  mixed  with  white  wax,  lard,  and  oil  forms  the 
Unguentum  Hydrargyri  Iodicli  Rubri,  B.P. 

The  Two  Nitrates. 

Second  Synthetical  Reaction.— Place  a  globule  of  mercury, 
about  half  the  size  of  a  pea,  in  a  test-tube ;  add  twenty  or 
thirty  drops  of  nitric  acid ;  boil  slowly  until  red  fumes  no 
longer  form ;  set  aside.  On  cooling,  if  a  globule  of  mercury 
still  remains  in  the  tube,  crystals  of  mercurous  nitrate 
separate.  These  may  be  dissolved  in  water  slightly  acidu- 
lated by  nitric  acid.  The  solution  may  be  retained  for  sub- 
sequent analytical  operations. 

3Hg  +  4HN03  =  3HgN03  +  2H20  +  NO. 

Third  Synthetical  Reaction.— Place  mercury  in  excess  of 
strong  nitric  acid,  and  warm  the  mixture  ;  mercuric  nitrate 
is  formed,  and  will  be  deposited  in  crystals  as  the  solution 
cools.  Or,  to  crystals  of  mercurous  nitrate  add  nitric  acid, 
and  boil  until  red  fumes  cease  to  form.  Ketain  the  product 
for  a  subsequent  experiment. 

When  mercury  and  nitric  acid  are  boiled  together,  mer- 
curic nitrate  is  formed  if  the  mercury  be  in  excess,  while 
mercuric  nitrate  is  produced  if  the  acid  preponderate. 

The  mercuric  nitrates  vary  somewhat  in  composition, 
accordmg  to  the  proportion,  strength,  and  temperature  of 
the  acid  used  m  their  formation.  A  mercuric  nitrate  may 
be  obtained  having  the  formula  Hg2N03. 
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3Hg    +  8HNO3    =   3(Hg2N03)    +     2N0      +  4H20 

Mercury.         Nitric  acid.  Mercuric  nitrate.  Nitric  oxide.  Water. 

Mercuric  oxynitrates. — I*rom  the  normal  mercuric  nitrate 
several  oxynitrates  may  be  obtained.  Thus  on  merely  evapo- 
rating a  solution  of  mercuric  nitrate,  and  cooling,  crystals 
having  the  formula  Hg6036N03  are  deposited.  The  latter, 
by  washing  with  cold  water,  yield  a  yelloiv  pulverulent  oxy- 
nitrate,  Hg6044N03 :  mixed  with  lard,  this  has  sometimes 
been  used  as  an  ointment.  Boiled  in  water,  the  yellow  gives 
a  brick-red  oxynitrate,  Hg6052N03. 

The  Pharmacopoeial  preparations  of  mercuric  nitrate  are 
Liquor  Hydrargijri  Nitratis  Acidus,  Unguentum  Hydrar- 
cjyri  Nitratis,  and  Unguentum  Hydrargyri  Nitratis  Dilutum. 
The  former  is  made  by  placing  four  ounces  of  mercury  in  five 
fluid  ounces  of  nitric  acid  diluted  with  an  ounce  and  a  half 
of  water,  and  when  the  metal  has  dissolved,  boiling  gently  for 
fifteen  minutes. 

The  Two  Sulphates. 

Fourth  Synthetical  Reaction—  Boil  two  or  three  grains  of 
mercury  with  a  few  drops  of  strong  sulphuric  acid  in  a  test- 
tube,  or,  better,  small  dish,  in  a  fume-chamber  ;  sulphurous 
acid  gas  (S02)  is  evolved,  and  mercuric  sidphate  or  persul- 
phate of  mercury  {Hydrargyri  Persidphas,  B.P.)  (HgS04) 
results— a  white,  heavy,  crystalline  powder. 

Hg    +    2H£S04    =    HgS04  +    S02    +  2H20 

Mercury  Sulphuric  Mercuric         Sulphurous  Water, 

acid.  sulphate.  acid  gas. 

Between  two  and  three  ounces  of  mercuric  sulphate  may 
be  prepared  from  a  fluid  drachm  of  mercury  and  a  fluid  ounce 
of  sulphuric  acid  boiled  together  in  a  small  dish.  These  equal 
the  official  proportions.  The  operation  is  completed  and  any 
excess  of  acid  removed  by  evaporating  the  mixture  of  metal 
and  liquid  to  dryness,  either  in  the  open  air  or  in  a  fume- 
chamber,  sulphuric  acid  vapours  beiug  excessively  irritating 
to  the  mucous  membrane  of  the  nose  and  throat ;  dry  crys- 
talline mercuric  sulphate  remains.  If  residual  particles  of 
mercury  are  observed,  the  mass  should  be  damped  with  sul- 
phuric acid  and  again  heated. 
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By-products. — In  chemical  manufactories,  secondary  pro- 
ducts, such  as  the  sulphurous  gas  of  the  above  reaction,  are 
termed  by-products,  and,  if  of  value,  are  utilized.  In  the 
present  case  the  gas  is  of  no  immediate  use,  and  is  therefore 
allowed  to  escape.  When  very  pure  sulphurous  acid  gas  is 
required  for  experiments  on  the  small  scale,  this  would  be 
the  best  method  of  making  it,  a  delivery-tube  being  adapted 
by  a  cork  to  the  mouth  of  a  flask  containing  the  acid  and 
metal.  The  sulphate  of  mercury  would  then  become  the  by- 
product. 

Mercuric  oxysulphate. — Water  decomposes  mercuric  sul- 
phate into  a  soluble  acid  salt  and  an  insoluble  yellow  oxysul- 
phate (Hg302S04).  The  latter  is  called  Turpeth  mineral, 
from  its  resemblance  in  colour  to  vegetable  turpeth,  the  pow- 
dered root  of  Ipomaia  turpethum,  an  Indian  substitute  for 
jalap.  The  yellow  sulphate  of  mercury  was  formerly  official, 
but  is  now  seldom  used. 

Fifth  Synthetical  Reaction. — Rub  a  portion  of  the  dry  mer- 
curic sulphate  of  the  previous  reaction  with  as  much  mercury 
as  it  already  contains ;  the  product,  when  the  two  have 
thoroughly  blended,  is  mercurous  sulphate  (Hg2S04) :  it  may 
be  retained  for  a  subsequent  experiment. 

Molecular  Weight. — The  exact  proportion  of  mercury  to  sul- 
phate is  merely  a  matter  of  calculation ;  for  the  combining 
proportion  of  a  compound  (if  it  possess  any  combining  power), 
or  its  proportion  for  interchange  or  transposition  (metathesis), 
is  the  sum  of  the  combining  proportions,  or  interchanging  or 
transposing  proportions,  of  its  constituents.  In  other  words, 
the  molecidar  iceight  of  a  compound  is  the  sitm  of  the  atomic 
iceights  of  its  elements.  In  accordance  with  this  rule  (deduced 
from  the  first  law  of  chemical  combination,  p.  44),  296  of 
mercuric  sulphate  and  200  of  mercury  (about  3  to  2)  are  the 
proportions  necessary  to  the  formation  of  mercurous  sul- 
phate, Hg  (200)  +  HgSO4  (296)  =  Hg2S04  (496). 

The  Two  Chlorides. 

Sixth  Synthetical  Reaction. — Mix  thoroughly  a  few  grains 
of  dry  mercuric  sulphate  with  about  four-fifths  its  weight 
of  chloride  of  sodium,  and  heat  the  mixture,  slowly,  in  a 
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test-tube  in  a  fume-chamber;  mercuric  chloride  (HgCl2),  or 
corrosive  sublimate,  bichloride  or  perchloride  of  mercury 
{Hydrargyri  Perchloridum,  B.P.),  sublimes  and  condenses  in 
the  upper  part  of  the  tube  in  heavy  colourless  crystals  or  as 
a  crystalline  mass. 

Somewhat  larger  quantities  (in  the  proportion  of  20  of 
sulphate  to  16  of  salt  and,  vide  infra,  1  of  black  oxide  of 
manganese)  may  be  sublimed  in  a  pair  of  two-ounce  or  three- 
ounce  round-bottomed  gallipots,  the  one  inverted  over  the 
other,  and  the  joint  luted  by  moist  fireclay  (the  powdered 
clay  kneaded  with  water  to  the  consistence  of  dough).  The 
luting  having  been  allowed  to  dry  (somewhat  slowly  to  avoid 

cracks),  the  pots  are  placed  upright 
on  a  sand-tray  (plate-shape  answers 
very  well),  sand  piled  round  the 
lower  and  a  portion  of  the  upper 
pot,  and  the  whole  heated  over  a 
good-sized  gas-flame,  for  an  hour  or 
more  in  a  fume-chamber  (see  fig.  36 
— pots  raised  to  show  joint).  Red 
Iodide  of  Mercury,  and  Calomel,  may 
be  sublimed  in  the  same  way.  The 
former  requires  less,  the  latter  more, 
heat  than  corrosive  sublimate. 

HgS04    +    2NaCl    =    HgCl2    +  Na2S04 

Mercuric  Chloride  of  Mercuric  Sulphate  of 

sulphate.  sodium.  chloride.  sodium. 

Note. — If  the  mercuric  sulphate  contain  any  mercurous 
sulphate,  some  calomel  may  be  formed.  This  result  will  be 
avoided  if  2  or  3  per  cent,  of  black  oxide  of  manganese  be 
previously  mixed  with  the  ingredients,  the  action  of  which  is 
to  eliminate  chlorine  from  the  excess  of  chloride  of  sodium 
used  in  the  process,  the  chlorine  converting  any  calomel  into 
corrosive  sublimate.  Manganate  of  sodium  and  a  lower  oxide 
of  manganese  are  simultaneously  produced. 

Precaution. — The  operation  is  directed  to  be  conducted 
with  care  in  a  fume-chamber,  because  the  vapour  of  corrosive 
sublimate,  which  might  possibly  escape,  is  very  acrid  and 
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highly  poisonous.    Mercuric  chloride  volatilizes,  though  ex- 
tremely slowly  and  slightly,  at  warm  temperatures. 

Ten  grains  of  perchloride  of  mercury  and  the  same  quantity 
of  chloride  of  ammonium  in  one  pint  of  water  form  the  Liquor 
Hydrargyri  Perchloridi,  B.P.  A  dilute  aqueous  solution  of 
perchloride  of  mercury  is  liable  to  decomposition,  calomel 
being  precipitated,  water  decomposed,  hydrochloric  acid 
formed,  and  oxygen  gas  evolved.  The  presence  of  excess  of 
chloride  of  ammonium,  with  a  portion  of  which  the  mercuric 
chloride  forms  a  stable  double  salt,  prevents  the  decomposi- 
tion. 

Seventh  Synthetical  Reaction.— Mix  a  few  grains  of  the  mer- 
curous  sulphate  of  the  fifth  reaction  with  about  a  third  of  its 
weight  of  chloride  of  sodium,  and  sublime  in  a  test-tube ; 
crystalline  mercurous  chloride  (HgCl)  or  calomel  (Hydrargyri 
Subchloridum,  B.P.)  results.    Larger  quantities  maybe  pre- 
pared in  the  manner  directed  for  corrosive  sublimate,  a  some- 
what higher  temperature  being  employed  :  similar  precautions 
must  also  be  observed.    The  official  proportions  are  10  of  mer- 
curic sulphate  to  7  of  mercury  and  5  of  dry  chloride  of  sodium. 
"  Moisten  the  sulphate  of  mercury  with  some  of  the  water,  and 
rub  it  and  the  mercury  together  until  globules  are  no  longer 
visible ;  add  the  chloride  of  sodium,  and  thoroughly  mix  the 
whole  by  continued  trituration.    When  dry,  sublime  by  a 
suitable  apparatus  into  a  chamber  of  such  size  that  the  calomel, 
instead  of  adhering  to  its  sides  as  a  crystalline  crust,  shall  fall 
as  a  fine  (dull-white)  powder  on  its  floor.    Wash  this  powder 
with  boiling  distilled  water  until  the  washings  cease  to  be 
darkened  by  a  drop  of  sulphydrate  of  ammonium.  Finally, 
dry  at  a  temperature  not  exceeding  212°  IV' 

Hg2S04    +    2NaCl    =    2HgCl    +  Na2S04 

Mercurous  Chloride  of  Mercurous  Sulphate  of 

sulphate.  sodium.  chloride.  sodium. 

The  term  calomel  (k<xAos,  kalos,  good,  and  //.e'Aas,  melas,  black) 
probably  was  simply  indicative  of  the  esteem  in  which  black 
sulphide  of  mercury  was  held,  the  compound  to  which  the 
name  calomel  was  first  applied. 

Test  for  corrosive  sublimate  in  Calomel— -If  the  mercurous 
sulphate  contain  mercuric  sulphate,  some  mercuric  chloride 
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will  also_  be  formed.  Corrosive  sublimate  is  soluble  in  water, 
calomel  insoluble ;  the  presence  of  the  former  may  therefore 
be  proved  by  boiling  a  few  grains  of  the  calomel  in  distilled 
water,  filtering  and  testing  by  sulphuretted  hydrogen  or  sul- 
phydrate  of  ammonium  as  described  hereafter.  If  corrosive 
sublimate  be  present,  the  whole  bulk  of  the  calomel  must  be 
washed  with  hot  distilled  water  till  the  filtrate  ceases  to  give 
any  indications  of  mercury.  Corrosive  sublimate  is  more 
soluble  in  alcohol,  and  still  more  in  ether,  calomel  insoluble. 
Ether  in  which  calomel  has  been  digested  should  therefore, 
after  filtration,  yield  no  residue  on  evaporation.  Calomel  is 
converted  by  hydrocyanic  acid  into  mercuric  salt,  and  a  black 
powder  readily  yielding  metallic  mercury.  Powell  and  Bayne 
have  shown  that  a  certain  proportion  of  hydrochloric  acid 
arrests  this  action. 

Note. — The  above  process  is  that  of  the  British  Pharma- 
copoeia ;  but  calomel  may  also  be  made  by  other  methods. 
Calomel  mixed  with  lard  forms  the  Unguentum  Hydrargyri 
Subchloridi,  B.P.,  and  with  sulphurated  antimony,  guaiacum 
resin,  and  castor-oil,  the  Pilula  Hydrargyri  Subchloridi 
Composita,  BP.,  or  "  Plummer's  Pill." 

The  Two  Oxides. 

Eighth  Synthetical  Reaction.— Evaporate  the  mercuric 
nitrate  of  the  third  reaction  to  dryness  in  a  small  dish,  in  a 
fume-chamber  or  in  the  open  air,  if  more  than  a  few  grains 
have  been  prepared,  and  heat  the  residue  till  no  more  fumes 
are  evolved;  red  mercuric  oxide  (HgO),  "  Eed  Precipitate," 
the  Red  Oxide  of  Mercury  {Hydrargyri  Oxidum  Rubrum. 
B.P.),  remains. 

2(Hg2N03)    =    2HgO      +    4N02      +  02 

Mercuric  nitrate.         Mercuric  oxide.   Nitric  peroxide.  Oxygen. 

The  nitric  constituents  of  the  salt  may  be  partially  econo- 
mized by  previously  thoroughly  mixing  with  the  dry  mer- 
curic nitrate  as  much  mercury  as  is  used  in  its  preparation, 
or  as  much  as  it  already  contains  (ascertained  by  calculation 
from  the  atomic  weights  and  the  weight  of  nitrate  under 
operation,  as  in  making  mercurous  sulphate),  and  well 
heating  the  mixture.  In  this  case  the  free  mercury  is  also 
converted  into  mercuric  oxide.    This  is  the  official  process, 
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the  pharmacopoeial  quantities  being  four  ounces  of  mercury 
dissolved  in  four  and  a  half  fluid  ounces  of  nitric  acid 
diluted  with  two  ounces  of  water,  the  solution  evaporated 
to  dryness,  the  residue  thoroughly  mixed  with  four  more 
ounces  of  mercury,  and  the  whole  heated  until  acid  vapours 
cease  to  be  evolved.  (Mercuric  oxide  is  tested  for  nitrate 
by  heating  a  little  of  the  sample  in  a  test-tube,  when  orange 
nitrous  vapours  are  produced  and  are  visible  in  the  upper 
part  of  the  tube,  if  nitrate  be  present.) 

Hg2N03    +    Hg    =     2HgO    +  2N02 

Mercuric  nitrate.      Mercury.      Mercuric  oxide.   Nitric  peroxide. 

Mercuric  oxide  is  an  orange-red  powder,  more  or  less  crys- 
talline according  to  the  extent  to  which  it  may  have  been 
stirred  during  preparation  from  the  nitrate,  much  rubbing 
giving  it  a  pulverulent  character.  Mixed  with  hard  and  soft 
paraffin,  it  yields  the  Unguentum  Hydrargyri  Oxidi  Rubri, 
B.P.  (1  part  in  8).  Mercuric  oxide,  in  contact  with  oxidiz- 
able  organic  matter,  is  liable  to  reduction  to  black  or  mer- 
curous  oxide. 

Ninth  Synthetical  Reaction.— To  solution  of  potash,  or 
soda,  or  lime-water,  in  a  test-tube  or  larger  vessel,  ad 
solution  of  corrosive   sublimate   or  of  mercuric  nitrate; 
yellow  oxide  of  mercury,  or  yellow  mercuric  oxide  (HgO),  is. 
precipitated  {Hydrargyri  Oxidum  Flavum,  B.P.). 

HgCl2    +    Ca2HO    =    HgO    +    CaCl2    +  H20 

Mercuric  Hydrate  of  Mercuric         Chloride  of  Water, 

chloride.  calcium.  oxide.  calcium. 

Eighteen  grains  of  corrosive  sublimate  to  ten  ounces  of 
lime-water  form  the  Lotio  Hydrargyri  Flava,  B.P.  The 
precipitate  only  differs  physically  from  the  red  mercuric 
oxide ;  the  yellow  is  more  minutely  divided  than  the  red. 
Mercuric  oxide  is  very  slightly  soluble  in  water,  but  suffi- 
ciently so  to  communicate  a  metallic  taste. 

Tenth  Synthetical  Reaction— To  calomel  add  solution  of 
potash  or  soda,  or  lime-water ;  black  oxide  of  mercury,  or 
mercurous  oxide  (Hg20),  is  produced,  and  may  be  filtered 
off,  washed  and  dried.  (This  reaction  and  the  formation  of 
a  white  curdy  precipitate,  on  the  addition  of  solution  of 
nitrate  of  silver  to  the  filtrate  from  the  mercurous  oxide, 
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acidified  by  nitric  acid,  form  sufficient  evidence  of  a  powder 
being  or  containing  calomel.  The  curdy  precipitate  is  chlo- 
ride of  silver.) 

Thirty  grains  of  calomel  to  ten  ounces  of  lime-water  form 
the  Lotto  Hydrargyri  Nigra,  B.P. 

2HgCl    +    Ca2HO    =    Hg20    +    CaCl2    +  H20 

Mercurous  Hydrate  of  Mercurous         Chloride  of  Water, 

ohloride.  calcium.  oxide.  calcium. 

Reactions  having  Analytical  Interest  (Tests). 

(The  mercury  occurring  as  mercuric  or  mercurous  salt.) 

First  Analytical  Reaction. — The  Copper  Test.  Deposition  of 
mercury  upon  and  sublimation  from  copper. — Place  a  small 
piece  of  bright  copper,  about  half  an  inch  long  and  a  quarter 
of  an  inch  broad,  in  a  solution  of  any  salt  of  mercury,  mer- 
curous or  mercuric,  and  heat  in  a  test-tube ;  the  copper  be- 
comes coated  with  mercury  in  a  fine  state  of  division.  (The 
absence  of  any  notable  quantity  of  nitric  acid  must  be 
ensured,  or  the  copper  itself  will  be  dissolved.  See  below.) 
Pour  away  the  supernatant  liquid  from  the  copper,  wash  the 
latter  once  or  twice  by  pouring  water  into,  and  then  out  of, 
the  tube,  remove  the  metal,  take  off  excess  of  water  by 
gentle  pressure  in  a  piece  of  filter-paper,  dry  the  copper  by 
passing  it  quickly  through  a  flame,  holding  it  by  the  fingers ; 
finally,  place  the  copper  in  a  dry,  narrow  test-tube,  and  heat 
to  redness  in  a  flame,  the  5tube  being  held  almost  horizon- 
tally; the  mercury  sublimes  and  condenses  as  a  whitish 
sublimate  of  minute  globules  on  the  cool  part  of  the  tube 
outside  the  flame.  The  globules  aggregate  on  gently  pressing 
with  a  glass  rod,  and  are  especially  visible  where  flattened 
between  the  rod  and  the  side  of  the  test-tube. 

Notes  on  the  Test.— This  is  a  valuable  test  for  several 
reasons  : — It  is  very  delicate  when  performed  with  care.  _  It 
brings  before  the  observer  the  element  itself — one  which, 
from  its  metallic  lustre  and  fluidity,  cannot  be  mistaken  for 
any  other.  It  is  a  test  for  mercurous  and  mercuric  salts. 
It  eliminates  mercury  in  the  presence  of  most  other  sub- 
stances, organic  or  inorganic. 
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In  performing  the  test,  the  presence  of  any  quantity  of 
nitric  acid  may  be  avoided  by  adding  an  alkali  until  a  slight 
permanent  precipitate  appears,  and  then  very  slightly  re- 
acidifying  with  a  drop  or  two  of  acetic  acid;  or  by  concen- 
trating in  an  evaporating-dish  after  adding  a  little  sulphuric 
acid,  and  then  rediluting. 

Tests  continued.  Mercuric  salts. 
Second  Analytical  Reaction.— To  a  few  drops  of  a  solution 
of  a  mercuric  salt  (corrosive  sublimate,  for  example)  add 
solution  of  iodide  of  potassium,  drop  by  drop ;  a  yellowish- 
red  precipitate  (mercuric  iodide,  Hgl2)  forms,  and  at  first 
redissolves,  but  is  permanent  when  sufficient  iodide  of 
potassium  has  been  added.  Continue  the  addition  of  iodide 
of  potassium  ;  the  precipitate  is  redissolved.  (See  Notes  on 
p.  226.) 

Third  Analytical  Reaction.— Add  a  solution  of  mercuric 
salt  to  solution  of  ammonia,  taking  care  that  the  mixture, 
after  well  stirring,  still  smells  of  ammonia;  a  white  pre- 
cipitate falls. 

Ammoniated  Mercury. 

Performed  in  a  test-tube,  this  reaction  is  a  very  delicate 
test  of  the  presence  of  a  mercuric  salt ;  performed  in  larger 
vessels,  the  mercuric  salt  being  corrosive  sublimate  (3  ounces 
dissolved  in  3  pints  of  distilled  water,  the  solution  poured 
into  4  fluid  ounces  of  Solution  of  Ammonia,  and  the  pre- 
cipitate washed  and  dried  over  a  water-bath),  it  is  the  usual 
and  the  pharmacopoeial  process  for  the  preparation  of 
"white  precipitate,"  the  old  "  ammonio-chloride  "  or  "  amido- 
chloride  of  mercury  "  (so-called  because  then  considered  to 
be  a  compound  of  mercury  with  chlorine  and  with  amidogen, 
NH2,  or  HgCl2Hg2NH2,  chloride  and  amide  of  mercury), 
now  known  as  Ammoniated  Mercury  (Hydrargyrum  Ammo- 
niatum,  B.P.). 

Constitution  of  Ammoniated  Mercury. — This  precipitate 
is  now,  however,  considered  to  be  the  chloride  of  mercuric- 
ammonium  (NH2Hg'Cl)— that  is,  chloride  of  ammonium 
(NH4C1)  in  one  molecule  of  which  two  univalent  atoms  of 
hydrogen  are  substituted  by  one  bivalent  atom  of  mercury. 
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HgCl2  +  2NH4HO  =  NH8Hg"Cl  +  NH4C1  +  2H20 

Mevcnric  Ammonia.  "  White  Chloride  of  Water, 

chloride.  precipitate."  ammonium. 

Varieties  of  Ammoniated  Mercury. — If  the  order  of  mixing 
be  reversed,  and  ammonia  be  added  to  solution  of  mercuric 
chloride,  a  double  chloride  of  mercuric-ammonium  and 
mercury  results  (NH2HgCl,HgCl2)  :  it  contains  76-55  per 
cent,  of  mercury.  Previously  to  the  year  1826,  "  white  pre- 
cipitate "  was  officially  made  by  adding  a  fixed  alkali  to 
a  solution  of  equal  parts  of  corrosive  sublimate  and  sal- 
ammoniac  ;  this  gave  a  double  chloride  of  mercuric-ammon- 
ium and  ammonium  (NH2HgCl,NH4Cl),  containing  65'57  per 
cent,  of  mercury.  This  compound  is  now  known  as  "  fusible 
white  precipitate,"  because  at  a  temperature  somewhat 
below  redness  it  fuses  and  then  volatilizes.  The  "  white 
precipitate,"  which  has  been  official  since  1826,  contains, 
theoretically,  79'52  per  cent,  of  mercury.  The  true  com- 
pound may  be  distinguished  as  "  infusible  white  precipitate," 
from  the  fact  that  when  heated  it  volatilizes  without  fusing. 
An  ointment  of  this  body  is  official  (Unguentum  Hydrargyri 
Ammoniati,  B.P.).  Prolonged  washing  with  water  converts 
"  white  precipitate  "  into  a  yellowish  compound  (NH2HgCl, 
HgO) ;  hence  the  official  preparation  is  not  thoroughly  freed 
from  the  chloride  of  ammonium  which  is  formed  during  its 
manufacture,  but  which,  if  present  in  larger  proportion  than 
seven  or  eight  per  cent.,  gives  to  it  the  character  of  partial 
or  complete  fusibility.  The  officially  recognised  "  ammoniated 
mercury  "  should  volatilize  at  a  temperature  below  redness 
without  fusing,  and  should  yield  77'5  per  cent,  of  metallic 
mercury.  With  iodine,  chlorine,  or  bromine,  white  precipi- 
tate may  yield  the  highly  and  dangerously  explosive  iodide, 
chloride,  or  bromide  of  nitrogen. 

Note  —Chloride  of  mercuric-ammonium  is  only  one  member 
of  a  large  class  of  compounds  derivable  from  the  various 
salts  of  ammonium  by  substitution  of  atoms  of  hydrogen  in 
the  molecules  by  atoms  of  other  radicals.  The  composition 
of  the  chloride  of  mercurous-ammonium  {see  page  238)  and 
of  ammonio-nitrate  of  silver  (B.P.)  is  consistent  with  this 
view.  In  these  formulae  ammonium  is  symbolized  by  NH4 
or  Am,  indifferently.  The  use  of  the  latter  promotes  clear- 
ness in  the  formulse,  but  it  must  only  be  employed  when  the 
ammonium  acts  like  an  elementary  radical. 
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N 


H' 


CI 


Chloride  of 
(common) 
ammonium. 


mercurous- 
ammonium. 


Chloride  of 
mercuric 
ammonium. 


N        j  N0£ 

Nitrate  of 
argc-nt-am  mon- 
ammonium. 


The  composition  of  the  ammonio-sulphates  of  copper  (pp. 
200  and  219)  is  consistent  with  the  second  and  third  of  the 
following  formula,  the  first  being  that  of  sulphate  of  am- 


monium 


The  iodide  of  dimercuric-ammonium  (NHg"2I)  is  formed 
in  testing  for  ammonia  by  the  "  Nessler  "  reagent  (vide 
Index).    Troost  has  obtained  NHAm3Cl. 

Fourth  Analytical  Reaction.- -Pass  sulphuretted  hydrogen 
through  a  mercuric  solution ;  a  black  precipitate  (mercuric 
sulphide,  HgS)  falls. 

iVofe.— Sulphuretted  hydrogen  also  precipitates  mercurous 
sulphide  (Hg3S)  from  mercurous  solutions ;  and  in  appear- 
ance the  precipitates  are  alike  ;  hence  this  reagent  does  not 
distinguish  between  mercurous  and  mercuric  salts.  But  m 
the  course  of  systematic  analysis,  mercuric  salts  are  thrown 
down  from  solution  as  sulphide  after  mercurous  salts  have 
been  otherwise  removed.  Both  sulphides  are  insoluble  m 
sulphydrate  of  ammonium. 

Note.— An  insufficiency  of  gas  gives  a  white  or  coloured 
precipitate  of  oxysulphide.  Prolonged  contact  with  sulphur- 
etted hydrogen  or  a  sulphydrate,  especially  if  warm,  converts 
the  black  into  a  red  sulphide. 

Ethiop'8  Mineral,  the  old  Hydrargyri  Sulphuretum  cum 
Sulphure,  is  a  mixture  of  sulphide  of  mercury  and  sulphur, 
obtained  on  triturating  the  elements  in  a  mortar  till  globules 
are  no  longer  visible.  Its  name  is  probably  in  allusion  to  its 
similarity  in  colour  to  the  skin  of  the  iEthiop. 

Vermilion  is  mercuric  sulphide  prepared  by  sublimation. 
For  a  description  of  the  Chinese  method  of  manufacturing 
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it,  see  the  Pharmaceutical  Journal  for  December  17th, 
1881. 

Tests  continued.    Mercurous  salts. 

Fifth  Analytical  Reaction. — To  a  solution  of  a  mercurous 
salt  (the  mercurous  nitrate  obtained  in  the  second  synthetical 
reaction,  for  example)  add  hydrochloric  acid  or  any  soluble 
chloride  ;  a  white  precipitate  (calomel,  HgCl)  occurs.  This 
reaction  was  formerly  official  in  the  Dublin  Pharmacopoeia 
as  a  process  for  the  preparation  of  calomel. 

Sixth  Analytical  Reaction.— To  solution  of  a  mercurous 
salt  add  iodide  of  potassium  ;  a  green  precipitate  results 
(mercurous  iodide,  Hgl). 

Seventh  Analytical  Reaction. — To  a  mercurous  salt,  dis- 
solved or  tindissolved  (e.g.  calomel),  add  ammonia ;  a  black 
salt  (e.g.  chloride)  of  mercurous-ammonium  (NH2Hg2Cl)  is 
formed.    (See  page  236  for  explanation  of  composition.) 

Other  Tests  for  Mercury. 

The  elimination  of  mercury  in  the  actual  state  of  metal  by 
the  copper  test,  coupled  with  the  production  or  non-produc- 
tion of  a  white  precipitate  on  the  addition  of  hydrochloric 
acid  to  the  original  solution,  is  usually  sufficient  evidence  of 
the  presence  of  mercury  and  its  existence  as  a  mercurous  or 
mercuric  salt.  But  other  tests  may  sometimes  be  applied 
with  advantage.  Thus  metallic  mercury  is  deposited  on 
placing  a  drop  of  the  solution  on  a  plate  of  gold  (sovereign 
or  half-sovereign),  and  touching  the  drop  and  the  edge  of 
the  plate  simultaneously  with  a  key:  an  electric  current 
passes,  under  these  circumstances,  from  the  gold  to  the  key, 
and  thence  through  the  liquid  to  the  gold,  decomposing  the 
salt,  the  mercury  of  which  forms  a  white  metallic  spot  on 
the  gold,  while  the  other  elements  go  to  the  iron.  This  is 
called  the  galvanic  test,  and  is  useful  for  clinical  purposes- 
Solution  of  stannous  chloride  (SnCl2)— see  Index,— from  the 
readiness  with  which  it  forms  stannic  salts  (SnCl4,  SnO._,, 
etc.),  gives  a  white  precipitate  of  mercurous  chloride  in 
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mercuric  solutions,  and  quickly  still  further  reduces  this 
mercurous  chloride  (and  other  mercury  salts)  to  a  greyish 
mass  of  finely  divided  mercury  ;  this  is  the  old  magpie  test, 
probably  so  called  from  the  white  and  grey  appearance  of 
the  precipitate.  The  reaction  may  even  be  obtained  from 
such  insoluble  mercury  compounds  as  "  white  precipitate." 

 Confirmatory  tests  for  mercuric  and  mercurous  salts 

will  be  found  in  the  action  of  solution  of  potash,  solution  of 
soda,  lime-water,  solution  of  ammonia  and  solution  of  iodide 

of  potassium.    (Vide  pages  233,  235,  and  238.)  Normal 

alkaline  carbonates  produce  yellowish  mercurous  carbonate 
and  brownish-red  mercuric  carbonate,  both  of  them  unstable. 
 Alkaline  bicarbonates  give  yellowish  mercurous  car- 
bonate with  mercurous  solutions,  and  with  mercuric  salts, 

white  (becoming  red)  mercuric  oxysalt.  Yellow  chromate 

of  potassium  (K2Cr04)  gives,  with  mercurous  salts,  a  red 

precipitate   (mercurous    chromate,  Hg2Cr04).  Mercury 

and  all  its  compounds  are  volatile,  many  of  them  being 
decomposed  at  the  same  time,  and  yielding  globules  of 
condensed  metal ;  the  experiment  is  most  conveniently  per- 
formed in  a  test-tube.  All  dry  compounds  of  mercury 

are  decomposed  when  heated  in  a  dry  test-tube  with  dried 
carbonate  of  sodium,  mercury  subliming  and  condensing  in 
visible  globules,  or  as  a  whitish  deposit,  yielding  globules 
when  rubbed  with  a  glass  rod. 

Antidote.—  Albumen  gives  a  white  precipitate  with  solu- 
tion of  mercuric  salts ;  hence  the  importance  of  administering 
white  of  egg,  while  waiting  for  a  stomach-pump  or  stomach- 
siphon,  in  case  of  poisoning  by  corrosive  sublimate. 


QUESTIONS  AND  EXERCISES. 
Name  the  chief  ore  of  mercury,  and  describe  a  process  for  the  extrac- 
tion of  the  metal.— Give  the  properties  of  mercury.— In  what  state  does 
mercury  exist  in  "  Grey  Powder"  ?— What  other  preparations  of  metallic 
mercury  itself  are  employed  in  medicine? — State  the  relation  of  the 
mercurous  to  the  mercuric  compounds. — Distinguish  between  an  alloy 
and  an  amalgam  — State  the  formulas  of  the  two  Iodides  of  Mercury.— 
Under  what  circumstances  has  mercuric  iodide  different  colours  ? — Illus- 
trate the  chemical  law  of  Multiple  Proportions  as  explained  by  the  atomic 


240 


THE  METALLIC  EADICALS. 


theory,  employing  for  that  purpose  the  stated  composition  of  the  two 
iodides  of  mercury. — Write  down  the  formula?  of  Mercurous  and  Mercuric 
Nitrates  and  Sulphates. — How  is  Mercuric  Sulphate  prepared? — What  is 
the  formula  of  "  Turpeth  Mineral"? — Describe  the  processes  necessary 
for  the  conversion  of  mercury  into  Calomel  and  Corrosive  Sublimate, 
using  diagrams. — Why  is  black  oxide  of  manganese  sometimes  mixed 
with  the  other  ingredients  in  the  preparation  of  corrosive  sublimate  ? — 
Give  the  chemical  and  physical  points  of  difference  between  calomel  and 
corrosive  sublimate. — How  may  calomel  in  corrosive  sublimate  be 
detected  ? — Work  out  a  sum  showing  how  much  Mercury  will  be  required 
in  the  manufacture  of  one  ton  of  Calomel.  Am.,  17  cwt.  nearly. — 
Mention  the  official  preparations  of  the  Chlorides  of  Mercury. — Give 
the  formula?  and  mode  of  formation  of  the  Bed,  Yellow,  and  Black  Oxides 
of  Mercury,  employing  diagrams.— Explain  the  action  of  the  chief  general 
test  for  Mercury.— How  are  mercurous  and  mercuric  salts  analyti- 
cally distinguished? — Give  a  probable  view  of  the  constitution  of  Hydrar- 
gyrum Ammoniatum,  B.P.,  and  an  equation  showing  how  it  is  made. — 
State  the  best  temporary  antidote  to  poisoning  by  mercury  ? 


LEAD. 

Symbol,  Pb.    Atomic  weight,  206-4. 

Source. — The  ores  of  lead  are  numerous;  but  the  one  from 
which  the  metal  is  chiefly  obtained  is  the  sulphide  of  lead 
(PbS),  or  galena  (from  yaXrjvr],  galene,  tranquillity,  perhaps 
from  its  supposed  effect  in  allaying  pain). 

Preparation. — The  ore  is  first  roasted  in  a  current  of  air; 
much  sulphur  is  thus  burnt  off  as  sulphurous  acid  gas, 
while  some  of  the  metal  is  converted  into  oxide  and  a  por- 
tion of  the  sulphide  oxidized  to  sulphate.  Oxidation  being 
stopped  when  the  mass  presents  certain  appearances,  the 
temperature  is  raised,  and  the  oxide  and  sulphate,  reacting 
on  undecomposed  sulphide,  yield  the  metal  and  much  sul- 
phurous acid  gas  :— 2PbO  +  PbS  =  Pb3  +  S02  and  PbSO., 
+  PbS  =  Pb3  +  2S02. 

Uses .—The  uses  of  lead  are  well  known .  Alloyed  with  some 
arsenium,  it  forms  common  shot,  with  antimony  gives  type- 
metal,  with  tin  solder,  and  in  smaller  quantities  enters  into 
the  composition  of  Britannia  metal,  pewter,  and  other  alloys. 
Lead  is  so  slightly  attacked  by  acids  that  chemical  vessels 
and  instruments  are  sometimes  made  of  it.  Hot  hydrochloric 
acid  slowly  converts  it  into  chloride  of  lead  with  evolution 
of  hydrogen.  Sulphuric  acid  by  aid  of  air  only  very  slightly 
attacks  it  with  formation  of  sulphate  of  lead  and  water. 
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Even  nitric  acid  very  slowly  converts  it  into  nitrate 
•with  evoltition  of  nitric  oxide  and  nitrous  oxide  gases  and 
water. 

The  salts  of  lead  used  in  [pharmacy  and  all  other  prepara- 
tions of  lead  are  obtained,  directly  or  indirectly,  from  the 
metal  itself.  Heated  in  a  current  of  air,  lead  combines  with, 
oxygen  and  forms  oxide  of  lead  (PbO),  a  yellow  powder 
(massicot),  or,  if  fused  and  solidified,  a  brighter,  reddish- 
yellow,  heavy  mass  of  bright  scales  (Plumbi  Oxidicm,  B.P.), 
termed  litharge  (from  Ai#o?,  lithos,  a  stone,  and  apyvpos, 
arguros,  silver).  It  is  from  this  oxide  that  the  chief  lead 
compounds  are  obtained.  Oxide  of  lead,  by  further  roasting 
in  a  current  of  air,  yields  red  lead  (or  minium),  Pb304,  or 
Pb022PbO.  Both  oxides  are  much  used  by  painters,  paper- 
stainers,  and  glass-manufacturers.  White  lead  is  a  mixture  of 
carbonate  (PbC03)  and  hydrate  of  lead  (Pb2HO)  (commonly 
2  molecules  of  the  former  to  1  of  the  latter),  usually  ground 
up  with  about  7  per  cent,  of  linseed-oil;  it  is  made  by  ex- 
posing lead,  cast  in  spirals  or  little  gratings,  to  the  action  of 
air,  acetic  fumes,  and  carbonic  acid  gas,  the  latter  generated 
from  decaying  vegetable  matter,  such  as  spent  tan  :  oxyace- 
tate  of  lead  slowly  but  continuously  forms,  and  is  as  continu- 
ously decomposed  by  the  carbonic  acid  gas  with  production 
of  hydrate  and  carbonate,  or  dry  tohite  lead.  The  grating- 
like masses,  when  ground,  form  the  heavy  white  pulverulent 
official  Plumbi  Carbonas,  B.P.  The  latter  is  the  active 
constituent  of  Unguentum  Plumbi  Carbonatis,  B.P.,  the  old 
Unguentum  Cerussce.  It  is  also  made  by  bringing  carbonic 
acid  gas_  and  litharge  together  in  a  solution  of  acetate  of  lead. 

Lead  compounds  are  poisonous,  producing  saturnine  colic, 
and  even  paralysis.  These  effects  are  termed  saturnine  from 
an  old  name  of  lead,  Saturn.  The  alchemists  called  lead 
Saturn,  first,  because  they  thought  it  the  oldest  of  the  seven 
then  known  metals,  and  it  might  therefore  be  compared  to 
Saturn,  who  was  supposed  to  be  the  father  of  the  gods ;  and, 
secondly,  because  its  power  of  dissolving  other  metals  re- 
called a  peculiarity  of  Saturn,  who  was  said  to  be  in  the 
habit  of  devouring  his  own  children. 

Quantivalence.— The  atom  of  lead  is  sometimes  quadri- 
valent (Pb"") ;  but  in  most  of  the  compounds  used  in  medi- 
cine it  exerts  bivalent  activity  only  (Pb"). 
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Reactions  having  Synthetical  Interest. 
Acetate  of  Lead. 
First  Synthetical  Reaction.- -Place  a  few  grains  of  oxide  of 
lead  in  a  test-tube,  add  about  an  equal  weight  of  water  and 
two  and  a  half  times  its  weight  of  acetic  acid,  and  boil ;  the 
oxide  dissolves  (or,  rather,  disappears-dissolves  with  simul- 
taneous decomposition)  and  forms  a  solution  of  acetate  oi 
lead  (Pb2C2H302).    When  cold,  or  on  evaporation,  if  much 
water  has  been  used  (the  solution  being  kept  faintly  acid), 
crystals  of  acetate  of  lead  (Pb2C2H302, 3H20)  are  deposited. 
Larger  quantities  are  obtained  by  the  same  method. 
PbO     +     2HC2H302    =    Pb2C2H302    +  H.0 

Oxide  of  lead.  Acetic  acid.  Acetate  of  lead.  Water. 

This  is  the  official  process  for  Flumbi  Acetas  B.P.  The 
salt  is  termed  Sugar  of  Lead,  from  its  sweet  ^te  Besides 
its  direct  use  in  pharmacy,  it  forms  three-fourths  of  the 
PilulaPlumU  cum  Opio,  B.P  is  the  chief 
Unguentum  Plumbi  Acetatis,  B.P.,  and  an  ingredient  mbup 
positoria  Flumbi  Composita,  B.P. 

Subacetate  or  Oxyacetate  of  Lead. 

Second  Synthetical  Reaction.-Boil  acetate  of  lead  with 
four  times  its  weight  of  water  and  rather  more  than  two- 
thirds  its  weight  of  oxide  of  lead;  the  filtered  liquor  is  solu- 
tion of  oxyacetate  of  lead,  Liquor  Plumbi  Subacetatis,  B.P. 

The  official  Liquor  is  made  by  boiling ,5  ounce. ,  of  acetate 
nA  V  of  oxide  in  one  pint  of  distilled  water  for  halt  an 
rour%;fst°antiey  Sirring^  filtering,  and  making  up  for  any 
loss  due  to  evaporation  by  diluting  the  filtra™  ™  {  ?ead 
It  contains  about  24  per  cent,  of  the  oxyacetate  of  lead, 

^iSr^solation  was  used  by  M.  Goulard,  who  called  it 
pactum  Saturni,  and  drew attention  to  it  in  IwO. 
now  frequently  termed  Goulard  s  Lxt ra ct  a 
solution  1  of  Liquor  and  1  of  spirit  in  SU  ol  ' 
s  a  o  official  in   the  British  ^^^V^te^ 
name  of  Liquor  Plumbi  Subacetatis  Dilutus.    The  lattei 
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commonly  known  as  Goulard  Water.  A  strong  solution  of 
oxyacetate  of  lead  in  glycerine  constitutes  the  Glycerinum 
Plumbi  Subacetatis,  B.P.,  and  this  with  a  mixture  of  soft  and 
hard  paraffin  gives  the  Unguentum  Glycerini  Plumbi  Sub- 
acetatis, B.P.,  a  modification  of  the  old  Goulard's  Cerate. 

Oxyacetates  of  lead. — The  official  "  subacetate  of  lead  "  is 
not  a  definite  chemical  salt.  It  is  probably  a  mixture  of  two 
subacetates  of  lead,  which  are  well-known  crystalline  com- 
pounds, and  which  the  author  is  disposed  to  regard  as  having 
a  constitution  similar  to  that  he  has  already  indicated  for 
some  other  salts  (see  Iron  and  Antimony,  also  Bismuth). 
Exposed  to  air,  it  absorbs  carbonic  acid  gas,  and  hydrato- 
carbonate  of  lead  is  deposited. 

Acetate  of  lead  (3  molecules)    .    .  Pb36C2H302 

-g  p  /Pyro-oxyacetate  of  lead   ....  Pb304C2H302 

\ Goulard's  oxyacetate  of  lead.    .    .  Pb3022C2H302 

Oxide  of  lead  (3  molecules)  .    .    .  Pb303 

PbO     +    Pb2C2H302    -  Pb202C2H302 

Oxide  of  lead.  Acetate  of  lead.  Official  "  subacetate." 

or  3PbO  +  3(Pb2C2H302)  =  Pb304C2H302  +  Pb3022C2H302 

Oxide  of  Acetate  of  Pyro-oxyacetate.     Goulard's  oxyacetate. 

lead.  lead.  The  official "  subacetate." 

Nitrate  of  Lead.    Red  Lead.    Peroxide  of  Lead. 

Third  Synthetical  Reaction. — Digest  a  few  grains  of  red 
lead  in  nitric  acid  and  water ;  nitrate  of  lead  (Pb2N03)  is 
formed,  and  remains  in  solution,  while  a  puce-coloured  per- 
oxide of  lead  (Pb02)  is  precipitated.  The  Nitrate  of  Lead 
(Plumbi  Nitras,  B.P.)  is  more  directly  made  by  dissolving- 
litharge  (PbO)  in  nitric  acid. 

PbO  +  2HN03  =  Pb2N03  +  H20. 

The  former  reaction  serves  to  bring  before  the  student  two 
other  oxides  of  lead,  namely,  red  lead  (Pb304)  and  peroxide 
of  lead  (Pb02).  In  the  latter  oxide  the  quadrivalent  charac- 
ter of  lead  is  obvious.  Nitrate  of  lead  is  used  officially  in 
preparing  iodide  of  lead.  For  the  latter  purpose  the  above 
mixture  may  be  filtered,  the  precipitate  of  peroxide  of  lead 
purified  from  adhering  nitrate  by  passing  hot  water  through 
the  filter,  the  filtrate  and  washings  evaporated  to  dryness  to 
remove  excess  of  nitric  acid,  the  residual  nitrate  of  lead 
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redissolved  by  ebullition  with  a  small  quantity  of  hot  water, 
and  the  solution  set  aside  to  crystallize  or  a  portion  at  once 
used  for  the  following  experiment.  Nitrate  of  lead  torms 
white  crystals  derived  from  octahedra. 

Peroxide  of  lead  dissolved  in  cold  strong  hydrochloric  acid 
apparently  yields  an  unstable  perchlonde  (PbCLJ. 

Iodide  of  Lead. 

Fourth  Synthetical  Reaction.— To  a  neutral  solution  of 
nitrate  of  lead  add  solution  of  iodide  of  potassium;  a  pre- 
cipitate of  iodide  of  lead  (Pbl2)  falls  (Plumbi  Iodidum,B.?.). 
Equal  weights  of  the  salts  may  be  used  in  making  large 
quantities. 

Pb2N03    +        2KI  PW2     +  2KN0» 

Nitrate  of  lead.      Iodide  of  potassium.      Iodide  of  lead.     Nitrate  of  potass^, 

Iodide  of  lead  is  the  chief  ingredient  in  ^plastrum  Plumbi 
Iadidi  B  P  and  Unguentum  Plumbi  Iodidi,  B.r.  Iodide 
of  lead  if  soluble  in  solution  of  chloride  of  ammonium. 

Crystals  of  Iodide  o/Lead.-Heat  the  iodide  of  lead  with 
the  supernatant  liquid,  and,  if  necessary,  filter ;  the  salt  is 
dissolved,  and  again  separates  in  golden  crystalline  scales  as 
the  solution  cools. 

Oleate  of  Lead.  (Lead  Plaster.) 
Fifth  Synthetical  Reaction. -Boil  together  in  a  small  dish 
a  Z  grains  of  very  finely  powdered  oxide  of  lead,  with  twice 
it  weight  of  olive-oil,  and  two  or  three  times  as  much 
water  well  stirring  the  mixture,  and  from  time  to  time  re- 
TacTn*  water  that  has  evaporated;  the  product  is  a  white 
t  oVoleateof  lead  (Pb2018H33O2)  (Ma***  « 
B  P  ),  glycerine  remaining  in  solution.  Larger  quantities 
are  prepared  in  the  same  manner.  _ 

RPbO       +       3H20     .  +  2(C3H53C18H33U2) 

„  7    rLd  Water.  Oleate  of  glyceryl  (olive-oil  or  oleme) . 

Oxide  of  lead.  vvaier.  n/PTiaUm 

-    3(Pb2C1ftH3302)     +  2(C3H53HO) 

"Otal  of  lead^eafplaster,.      Hydrate  of  gJyceryl  (tfycenne). 
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constituent  of  eleven  of  the  fourteen  plasters  (Emplastra) 
mentioned  in  the  British  Pharmacopoeia. 

The  glycerine  may  be  obtained  by  treating  the  aqueous 
product  of  the  above  reaction  with  sulphuretted  hydrogen  to 
remove  a  trace  of  lead,  then  digesting  with  animal  charcoal, 
filtering,  and  evaporating.  But  on  the  large  scale  glycerine 
is  produced  as  a  by-product  in  the  manufacture  of  candles  ; 
for  its  elements  are  found  in  nearly  all  vegetable  and 
animal  fats.  (Vide  Index.)  If  in  making  lead  plaster  the 
mixture  be  evaporated  to  dryness,  some  of  the  glycerine  will 
escape  with  the  steam  and  some  remain  with  the  plaster. 

Modes  of  formation  of  Chloride,  Sulphide,  Chromate,  Sul- 
phate, Hydrate,  and  other  salts  of  lead  are  incidentally 
described  in  the  following  analytical  paragraphs. 

Reactions  having  Analytical  Interest  (Tests). 

First  Analytical  Reaction. — To  solution  of  a  lead  salt  (ace- 
tate, for  example)  add  hydrochloric  acid  ;  a  white  precipitate 
(chloride  of  lead,  PbCl2)  is  obtained.  Boil  the  precipitate 
with  much  water  ;  it  dissolves,  but,  on  the  solution  cooling, 
is  redeposited  in  small  acicular  crystals.  Filter  the  cold 
solution,  and  pass  sulphuretted  hydrogen  through  it ;  a  black 
precipitate  (sulphide  of  lead,  PbS)  shows  that  the  chloride 
of  lead  is  soluble  to  a  slight  extent  in  cold  water. 

Note. — A  white  precipitate  on  the  addition  of  hydrochloric 
acid,  soluble  in  hot  water,  and  blackened  by  sulphuretted 
hydrogen,  sufficiently  distinguishes  lead  salts  from  those  of 
other  metals;  but  the  non-production  of  such  a  precipitate 
does  not  prove  the  absence  of  a  small  quantity  of  lead, 
chloride  of  lead  being  slightly  soluble  in  cold  water. 

Second  Analytical  Reaction. — Through  a  dilute  solution 
of  a  lead  salt,  acidulated  with  hydrochloric  acid,  pass  sulphu- 
retted hydrogen  ;  a  black  precipitate  (sulphide  of  lead,  PbS) 
occurs. 

Lead  in  Water. — The  foregoing  is  a  very  delicate  test. 
Should  a  trace  of  lead  be  present  in  water  used  for  drinking 
purposes,  sulphuretted  hydrogen  will  detect  it.  On  passing 
the  gas  through  a  pint  of  such  (acidulated)  water,  a  brownish 
colour  is  produced.    If  the  tint  is  scarcely  perceptible,  set 
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the  liquid  aside  for  a  day ;  the  gas  will  become  decomposed 
and  a  thin  layer  of  sulphur  be  found  at  the  bottom  of  the 
vessel,  white  if  no  lead  be  present,  but  more  or  less  brown  if 
it  contain  sulphide  of  lead.  Hygienists  regard  one-twentieth 
of  a  grain  of  lead  per  gallon  as  dangerous,  while  a  lesser 
quantity  may  do  harm.  Water  commonly  used  for  drinking 
purposes  should  not  contain  a  trace. 

Third  Analytical  Reaction.— To  solution  of  a  lead  salt  add 
sulphydrate  of  ammonium ;  a  black  precipitate  (sulphide  of 
lead)  falls,  insoluble  in  excess. 

Fourth  Analytical  Reaction.— To  solution  of  a  lead  salt 
add  solution  of  chromate  of  potassium  (K2Cr04);  a  yellow 
precipitate  (chromate  of  lead,  PbCr04)  is  formed,  insoluble 
in  weak  acids  or  in  solution  of  chloride  of  ammonium. 

Chromes.—  This  reaction  has  technical  as  well  as  analytical 
interest.  The  precipitate  is  the  common  pigment  termed 
chrome  yellow,  or  lemon  chrome.  Boiled  with  lime  and  water, 
a  portion  of  the  chromic  radical  is  removed  as  a  soluble 
chromate  of  calcium,  and  an  oxychromate  of  lead  of  a  bngnt 
red  or  orange  colour  {orange  chrome),  is  produced. 

Fifth  Analytical  Reaction.— To  solution  of  a  lead  salt  add 
dilute  sulplruric  acid,  or  solution  of  a  sulphate  ;  a  white  pre- 
cipitate (sulphate  of  lead,  PbS04)  falls. 

Sulphate  of  lead  is  slightly  soluble  in  strong  acids  and  in 
solutions  of  alkaline  salts  ;  it  is  insoluble  m  acetic  acid  It 
is  readily  dissolved  and,  indeed,  decomposed  by  solution  of 
acetate  of  ammonium,  the  liquid  yielding  the  ordinary  reac- 
tions  with  soluble  chromates  and  iodides. 

In  Lute  solutions  the  above  sulphuric  reaction  does  not 
take  place  immediately  ;  the  precipitate,  however,  falls  after 
a  UmeTTts  appearance^  may  be  hastened  by  evaporating  the 
mixture  nearly  to  dryness  and  then  rediluting. 
mThTwbite  precipitate  generally  noticed  in  ^evesjds  m 
which  diluted  sulphuric  acid  is  kept  is  sulphate  of  lead,  de 
.ted  from  the  leaden  chambers  in  which  the  acid  is  made^ 
solubility  in  strong  acid  and  insolubility  m  weak  explains  its 

aTSS.-From  the  insolubility  of  sulphate  of :Wj 
water,  the  best  antidote,  in  a  case  of  poisoning  by  the  acetate 
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or  other  soluble  salt  of  lead,  is  a  soluble  suJtthate,  such  as 
Epsom  salt,  sulphate  of  sodium,  or  alum,  vomiting  being  also 
induced  or  the  stomach-pump,  or  stomach-siphon,  applied  as 
quickly  as  possible. 

Other  tests  for  lead  will  be  found  in  the  reaction  with  iodide 
ofpotasshem  (vide  p.  244) ;  with  alkaline  carbonates,  a  white 
precipitate  (2PbC03  +  Pb2HO)  insoluble  in  excess;  with 
alkalies,  a  white  precipitate  (Pb2HO)  more  or  less  soluble  in 
excess ;  with  alkaline  phosphates,  arseniates,  ferrocyanides 
and  cyanides,  precipitates  mostly  insoluble,  but  of  no  special 
analytical  interest.  Insoluble  salts  of  lead  may  be  decom- 
posed by  solution  of  potash  (KHO)  or  soda  (NaHO). 

The  metal  is  precipitated  in  a  beautifully  crystalline  state 
by  metallic  zinc  and  some  other  metals  ;  the  lead  tree  is  thus 
formed.  The  blowpipe-flame  decomposes  solid  lead  com- 
pounds placed  in  a  small  cavity  in  a  piece  of  charcoal,  a  soft 
malleable  bead  of  metal  being  produced,  and  a  yellowish  ring 
of  oxide  deposited  on  the  charcoal. 


QUESTIONS  AND  EXEECISES. 

Write  down  equations  descriptive  of  the  smelting  of  galena. — Mention 
some  of  the  alloys  of  lead. — How  is  litharge  produced  ? — Give  the  formula 
of  white  lead  and  red  lead. — Describe  the  manufacture  of  white  lead. — 
What  is  the  quantivalence  of  lead  ? — Draw  a  diagram  showing  the  forma- 
tion of  Acetate  of  Lead. — Describe  the  preparation  and  composition  of 
Liquor  Plumbi  Subacetatis,  B.P. — What  is  the  action  of  nitric  acid  on 
red  lead,  litharge,  and  lead  ? — How  is  the  official  Iodide  of  Lead  prepared  ? 
— Describe  the  reaction  between  oxide  of  lead,  water,  and  olive-oil,  at  the 
temperature  of  boiling  water,  and  give  chemical  formulas  explanatory  of 
the  constitution  of  the  products. — Mention  the  chief  tests  for  lead. — How 
would  you  search  for  lead  in  potable  water  ? — What  is  the  composition  of 
chrome  yellow  ? — State  a  method  whereby  lead,  barium,  and  silver,  in 
solution,  may  be  separated  from  each  other. — Name  the  best  antidote  in 
cases  of  poisoning  by  salts  of  lead. 


SILVER. 

Symbol,  Ag.    Atomic  weight,  108. 

Source. — This  element  occurs  in  Nature  in  the  metallic 
state  and  as  ore,  the  common  variety  of  the  latter  being 
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sulphide  of  silver  (Ag2S)  in  combination  with  much  sulphide 
of  lead,  forming  argentiferous  galena. 

Preparation. — The  lead  from  such  galena  (p.  240)  is  melted 
and  slowly  cooled ;  crystals  of  lead  separate  and  are  raked 
out  from  the  still  fluid  mass,  and  thus  an  alloy  very  rich  in 
silver  is  finally  obtained  ;  this  is  roasted  in  a  current  of  air, 
whereby  the  lead  is  oxidized  and  removed  as  litharge,  pure 
silver  remaining.  Other  ores  undergo  various  preparatory 
treatments  according  to  their  nature,  and  are  then  shaken 
with  mercury,  which  amalgamates  with  and  dissolves  the 
particles  of  metallic  silver,  the  mercury  being  subsequently 
removed  from  the  amalgam  by  distillation.  Soils  and 
minerals  containing  metallic  silver  are  also  treated  in  this 
way.  An  important  improvement  in  the  amalgamation  pro- 
Cess,  by  which  the  mercury  more  readily  unites  with  the 
silver,  consists  in  the  addition  of  a  small  proportion  of  sodium 
to  the  mercury.  Chloride  of  silver  maybe  dissolved  from 
ores  by  solution  of  hyposulphite  of  sodium. 

Silver  is  not  readily  affected  by  the  weak  acid  or  other 
fluids  of  food,  though  it  is  rapidly  tarnished  by  sulphur  or 
sulphur  compounds.  It  does  not  perceptibly  attack  hydro- 
chloric acid ;  reduces  strong  nitric  acid  to  nitrous  anhydride 
(N203),  and  a  weaker  acid  to  nitric  oxide  (NO) ;  it  reduces 
hot  sulphuric  acid  to  sulphurous  anhydride  (S02),  sulphate 
of  silver  (Ag2S04)  being  formed.  The  latter  salt  is  crystal- 
line, and  slightly  soluble  in  water. 

Beactions  having  Synthetical  Interest. 
Impure  Nitrate  of  Silver. 

First  Synthetical  Reaction.— Dissolve  a  silver  coin  in 
nitric  acid ;  nitric  oxide  gas  (NO)  and  nitrous  anhydride 
(N203)  are  evolved,  and  a  solution  of  nitrates  of  silver  and 
copper  is  obtained. 

Silver  Coinage.— Pure  silver  is  too  soft  for  use  as  coin ;  it 
is  therefore  hardened  by  alloying  with  copper.  The  silver 
monev  of  England  contains  7-5,  of  Prussia  25  and  of  h  ranee 
10  and  16-5  per  cent,  of  copper-for  the  fineness  of  the 
French  standard  silver  is  0-900  in  the  five-franc  piece,  while 
an  inferior  alloy  of  0-835  is  used  for  the  lower  denominations. 
The  single-franc  piece,  composed  of  the  latter  alloy,  is  still 
made  to  weigh  five  grammes,  the  weight  originally  chosen 
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for  the  franc  as  the  unit  of  the  monetary  scale  when  the 
fineness  of  the  coin  was  0-900.  It  has  now  become  a  token, 
like  the  British  shilling,  of  which  the  nominal  value  exceeds 
the  metallic  value.  One  pound  troy  of  British  standard 
silver  is  coined  into  66  shillings,  of  which  the  metal  is  worth 
from  50s.  to  60s.,  or  less  or  more,  according  to  the^  market 
price  of  silver.  The  standard  fineness  of  this  silver  is  0-925, 
i.e.  3  of  copper  in  40  of  the  alloy.  British  silver  coins  are  a 
legal  tender  in  payments  to  the  amount  of  40s.  only. 

Chloride  of  Silver. 

Second  Synthetical  Reaction.— To  the  product  of  the  fore- 
going reaction  add  water  and  hydrochloric  acid  or  a  soluble 
chloride;  white  chloride  of  silver  (AgOl)  is  precipitated, 
copper  still  remaining  in  solution.  Collect  the  precipitate  on 
a  filter  and  wash  with  water ;  it  is  pure  chloride  of  silver. 

Note.— Copper  may  also  be  separated  by  evaporating  the 
solution  of  the  metals  in  nitric  acid  to  dryness  and  gently 
heating  the  residue,  when  the  nitrate  of  copper  is  decom- 
posed but  the  nitrate  of  silver  is  unaffected.  The  latter  may 
be  dissolved  from  the  residual  oxide  of  copper  by  water. 

Chloride  of  silver  may  be  obtained  in  crystals  by  evapora- 
tion of  its  solution  in  ammonia. 

Pure  Silver. 

Third  Synthetical  Reaction— -Place  the  chloride  of  silver 
of  the  previous  reaction  in  a  dish,  wet  it  with  dilute  sul- 
phuric acid,  and  float  a  piece  of  sheet  zinc  on  the  mixture  ; 
metallic  silver  is  precipitated,  and  after  about  one  day  wholly 
removed  from  combination.  Collect  the  precipitate  on  a 
filter  and  wash  with  water ;  it  is  pure  metallic  silver,  and  is 
readily  fusible  into  a  single  button,  especially  if  mixed  with 
a  little  borax  and  nitre. 

Note. — Any  considerable  quantity  of  chloride  of  silver  may 
be  reduced  to  a  lump  of  the  metal  by  fusion,  in  a  crucible, 
with  about  half  its  weight  of  carbonate  of  sodium.  _  The 
chloride  is  also  reduced  by  boiling  with  caustic  alkali  and 
grape  sugar  until  a  trial-sample  is  entirely  dissolved  by 
nitric  acid. 
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Pure  Nitrate  of  Silver. 

Fourth  Synthetical  Reaction. — Dissolve  the  pure  silver  of 
the  previous  reaction  in  nitric  acid  (3  of  silver  require  about 
2  or  2|  of  strong  acid  diluted  with  5  of  water),  and  remove 
excess  of  acid  by  evaporating  the  solution  to  dryness,  slightly 
heating  the  residue  ;  the  product  is  pure  nitrate  of  silver. 
Dissolve  by  heating  with  a  small  quantity  of  water  ;  on  the 
solution  cooling,  or  on  evaporation,  colourless  tabular  crystals 
of  nitrate  of  silver  are  obtained. 

3Ag2    +   8HN03   =   2NO    +    6AgN03    +  4H20 

Silver.  Nitric  acid.      Nitric  oxide.     Nitrate  of  silver.  Water. 

Notes  .—The  solution  of  pure  or  refined  silver  (Argentum 
Puriflcatum,  B.P.)  in  nitric  acid,  evaporation,  and  crystalliz- 
ation constitute  the  official  process  for  the  preparation  of  the 
nitrate  (Argenti  Nitras,  B.P.).  The  salt,  fused  and  poured 
into  proper  moulds,  yields  the  white  cylindrical  sticks  or  rods 
commonly  termed  caustic  (from  kcuw,  kaio,  I  burn),  or  lunar 
caustic.  (The  alchemists  called  silver  Diana  or  Luna,  from 
its  supposed  mysterious  connection  with  the  moon.)  These 
"  caustic  points  "  often  contain  five  per  cent,  of  nitrate  of 
potassium,  which  imparts  toughness,  the  product  being  the 
officially  recognised  "Toughened  Nitrate  of  Silver,"  or 
"  Toughened  Caustic."  The  "  Nitrate  of  Silver  and  Potas- 
sium "  (Argenti  et  Potassii  Nitras,  B.P.),  or  "Mitigated 
Caustic,"  is  a  fused  mixture  of  one  part  of  nitrate  of  silver 
with  two  parts  of  nitrate  of  potassium. 

The  specimen  of  nitrate  of  silver  obtained  in  the  foregoing 
reaction,  dissolved  in  water,  will  be  found  useful  as  an  analy- 
tical reagent.  Nitrate  of  silver  is  soluble  in  rectified  spirit ; 
but  after  a  time  reaction  and  decomposition  occur. 

Silver  salts  are  decomposed  when  in  contact  with  organic 
matter,  especially  in  the  presence  of  light  or  heat,  the  metal 
itself  being  liberated,  or  a  black  insoluble  compound  formed. 
Hence  the  value  of  the  nitrate  in  the  manufacture  of  indelible 
ink  for  marking  linen ;  hence,  too,  the  reason  of  the  practice 
of  rendering  silver  solutions  clear  by  subsidence  and  decan- 
tation,  rather  than  by  filtration  through  paper;  and  hence 
the  cause  of  those  cases  of  actual  combustion  which  have 
been  known  to  occur  in  preparing  pills  containing  oxide  ot 
silver  and  essential  oil  or  other  organic  matter.  Linen  marked 


SILVER. 


251 


with  such  ink  should  not  be  cleansed  by  aid  of  bleaching 
liquor,  as  the  marked  parts  are  then  apt  rapidly  to  be  oxidized 
into  perfectly  rotten  matter,  holes  resulting.  Paul  says  the 
reaction  is  as  follows :—  Ag20  +  CaCl202  =  2AgCl  +  CaO  +  02. 

Oxide  of  Silver. 

Fifth  Synthetical  Reaction— To  solution  of  nitrate  of  silver 
add  solution  of  potash  or  soda  or  lime-water ;  an  olive-brown 
precipitate  of  oxide  of  silver  (Ag20)  occurs.  The  washed 
and  dry  oxide,  like  most  silver  compounds,  is  decomposed  by 
heat  with  production  of  metal.  It  is  also  reduced  by  con- 
tact with  organic  matter.    {See  the  previous  paragraph.) 

The  Argenti  Oxidum,  B.P.,  is  thus  made,  lime-water  being 
the  precipitant  employed,  soda  or  potash  not  being  so  readily 
removed  by  washing.  Three  and  a  half  pints  of  good  lime- 
water  will  decompose  half  an  ounce  of  nitrate  of  silver.  . 

2AgN03  +  Ca2HO  =  Ag20  +  Ca2N03  +  H20. 

Nitrate  of         Hydrate  of        Oxide  of  Nitrate  of  Water, 

silver.  calcium.  silver.  calcium. 

Oxide  of  silver  is  also  precipitated  on  adding  ammonia  to 
solution  of  nitrate  of  silver,  but  it  rapidly  is  taken  up  by 
the  nitrate  of  ammonium  formed  at  the  same  time,  nitrate  of 
argentammonium,  NH3AgNOs,  being,  doubtless,  produced. 
More  ammonia  then  yields  nitrate  of  argentammon-ammo- 
nium  (see  p.  237).  The  direct  solution  of  oxide  of  silver 
in  ammonia  may  give  the  highly  explosive  substance  known 
as  Berthollet's  fulminating  silver  (?  NH2Ag).  _  Ordinary 
fulminating  silver,  C2N202Ag2,  results  from  the  interaction 
of  nitrate  of  silver,  nitric  acid,  and  alcohol.  The  mercury 
compound,  C2N202Hg,  is  used  in  percussion  caps. 


Methods  of  forming  several  other  salts  of  silver  are  inci- 
dentally mentioned  in  the  following  analytical  paragraphs. 

Reactions  having  Analytical  Interest  (Tests). 

First  Analytical  Reaction. — To  a  solution  of  a  silver  salt 
add  hydrochloric  acid  or  other  soluble  chloride  ;  a  white 
curdy  precipitate  (chloride  of  silver)  falls.    Add  nitric  acid, 
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and  boil ;  the  precipitate  does  not  dissolve.  Pour  off  the 
acid  and  add  solution  of  ammonia  ;  the  precipitate  dissolves. 
Neutralize  the  ammoniacal  solution  by  an  acid ;  the  white 
curdy  precipitate  (chloride  of  silver,  AgCl)  is  reproduced. 

This  is  the  most  characteristic  test  for  silver.  The  preci- 
pitated chloride  is  also  soluble  in  solutions  of  hyposulphite  of 
sodium  or  cyanide  of  potassium — facts  of  considerable  import- 
ance in  photographic  operations. 

Other  analytical  reagents  than  the  above  are  occasionally 
useful.  Sulphuretted  hydrogen,  or  sulphydrate  of  ammo- 
nium, gives  a  black  precipitate  (sulphide  of  silver,  Ag2S), 

insoluble  in  alkalies.  Solutions  of  potash  or  soda  give  a 

brown  precipitate  (oxide  of  silver,  Ag20),  converted  into  a 
fulminating  compound  by  prolonged  contact  with  ammonia. 

 Phosphate  of  sodium  gives  a  pale  yellow  precipitate 

(phosphate  of  silver,  Ag3P04),  soluble  in  nitric  acid  and  in 
ammonia.  Arseniate  of  ammonium  gives  a  chocolate- 
coloured  precipitate  (arseniate  of  silver,  Ag3As04),  already 

noticed  in  connection  with  arsenic  acid.  Iodide  or  bromide 

of  potassium  gives  a  yellowish-white  precipitate  (iodide  or 
bromide  of  silver,  Agl  or  AgBr),  insoluble  in  acids  and  only 

slightly  soluble  in  ammonia.  Cyanide  of  potassium  gives  a 

white  precipitate  (cyanide  of  silver,  AgCy),  soluble  in  excess, 
somewhat  soluble  in  ammonia,  insoluble  in  dilute  nitric  acid, 

soluble  in  boiling  concentrated  nitric  acid.  Yellow  chro- 

mate  of  potassium  (K2Cr04)  gives  a  red  precipitate  (chromate 

of  silver,  Ag3Cr04).  Red  chromate  of  potassium  also  gives 

a  red  precipitate  (acid  chromate  of  silver,  Ag2Cr04,  Cr03). 

 Many  organic  acids  afford  insoluble  salts  of  silver.  

Several  metals  displace  silver  from  solution,  mercury  forming 
in  this  way  a  crystalline  compound  known  as  the  silver  tree, 

or  Arbor  Diance.  In  the  blowpipe-flame,  silver  salts,  placed 

on  charcoal  with  a  little  carbonate  of  sodium,  yield  bright 
globules  of  metal,  accompanied  by  no  incrustation  as  in  the 
corresponding  reaction  with  lead  salts  ;  the  experiment  may 
be  performed  with  the  nitrate,  which  first  melts,  and  then, 
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like  all  nitrates,  deflagrates,  yielding  a  white  metallic  coating 
of  silver  which  slowly  aggregates  to  a  button. 

Antidotes.— Solution  of  common  salt,  sal-ammoniac  or  any 
other  inert  chloride  should  obviously  be  administered  where 
large  doses  of  nitrate  of  silver  have  been  swallowed.  A  quan- 
tity of  sea-water  or  brine  would  convert  the  silver  into  in- 
soluble chloride,  and  at  the  same  time  produce  vomiting. 


DIRECTIONS  FOR  APPLYING  SOME  OF  THE  FOREGOING  REAC- 
TIONS TO  THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION  OF 
A  SALT  OF  ONE  OF  THE  METALS  COPPER,  MERCURV 
(MERCUROUS  OR  MERCURIC),  LEAD,  SILVER. 

Add  hydrochloric  acid  : — 

Silver  is  indicated  by  a  white  curdy  precipitate,  soluble 
in  ammonia. 

Mercurous  salts  also  by  a  white  precipitate,  turned  black 
by  ammonia. 

Lead  by  a  white  precipitate,  insoluble  in  ammonia.  Con- 
firm by  boiling  a  small  portion  of  the  hydrochloric 
precipitate  in  water  ;  it  dissolves. 

If  hydrochloric  acid  gives  no  precipitate,  silver  and  mercu- 
rous salts  are  absent.  Lead  can  only  be  present  in  very  small 
quantity.  Mercuric  salts  may  be  present.  Copper  may  be 
present.  Divide  the  liquid  into  three  portions,  and  apply  a 
direct  test  for  each  metal  as  follows  : — 

Lead  is  best  detected  by  the  sulphuric  test,  the  tube., 
being  set  aside  for  a  time  if  the  precipitate  does 
not  appear  at  once. 
Mercury  is  best  detected  by  the  copper  test.    If  present 

here,  it  occurs  as  mercuric  salt. 
Copper  betrays  itself  by  the  blue  colour  of  the  liquid 
under  examination.    Confirm  by  the  ammonia  test. 

If  the  above  reactions  are  not  thoroughly  conclusive,  con- 
firmatory evidence  should  be  obtained  by  the  application  of 
other  reagents  for  copper,  mercury,  lead,  or  silver. 
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TABLE  OF  SHORT  DIRECTIONS  FOR  APPLYING  SOME  OF  THE 
FOREGOING  REACTIONS  TO  THE  ANALYSIS  OF  AN  AQUEOUS 
SOLUTION  OF  SALTS  OF  ANY  OR.  ALL  OF  THE  METALS 
COPPER,  MERCURY  (EITHER  MERCCROUS  OR  MERCURIC 
SALT,  OR  BOTH),  LEAD,  SILVER. 

Add  hydrochloric  acid,  filter,  and  wash  the  precipitate 
with  a  small  quantity  of  cold  water. 


Ppt. 

Pb   Hg  (ous)  Ag. 
Wash  with  boiling  water. 

Filtrate. 
Cu   Hg(ic)  Pb. 
Divide  into  three  portions. 

Test  for 
Cu  by  NH4HO  ;  blue  sol. 
Hg  (mercuric)  by  Cu; 

globules. 
Pb  by  HsS04 ;  white  ppt.* 

Ppt. 
Hg  (ous)  Ag. 
Add  NH4HO. 

Filtrate 
Pb. 
Add  H2S04) 
white  ppt.* 

Precipitate 
Hg 

(mercurous), 
black. 

Filtrate 
Ag- 
Add  an  acid 
white  ppt. 

OUTLINE  OF  THE  FOLLOWING  TABLES  FOR  ANY  OR  ALL 
OF  THE  COMMON  METALS. 


HC1 

HSS 

NH4HS 

(NH4)2C03  (NH4)2HAs04 

1 

Hg 

(as  mercurous 
Bait) 

Pb 

(partially) 

Ag 

Cu  \ 

0 

Hg  l|J 

(as  mer-  (0  w 
curicsalt)  gfc 

Pb*  M 

(entirely)  J  ^ 

As    \  sW 

\w 

Sb     J  "a 

Zn 
Al 
Fe 

Ba 
Ca 

Mg 

K 
Na 
NH4 
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The  practical  student  should  examine  solutions  containing 
these  common  metals  until  he  is  able  to  analyse  with  facility 
and  accuracy.  In  this  way  he  will  best  perceive  the  peculi- 
arities of  each  element,  and  their  general  relations  to  each 
other.  As  the  rarer  metals  are  not  included  here,  the  lables 
are  not  complete  analytical  schemes;  only  general  memoranda 
respecting  them  will,  therefore,  now  be  given.  For  complete 
memoranda,  see  notes  to  subsequent  complete  Tables. 

*  Liquids  containing  only  a  small  quantity  of  lead  do  not  readily 
yield  sulphate  of  lead  on  the  addition  of  sulphuric  acid.  Before  leaa 
can  be  said  to  be  absent,  therefore,  the  liquid  should  be  evaporated  to 
dryness  with  one  drop  of  sulphuric  acid,  and  the  residue  digested  m 
water ;  any  sulphate  of  lead  then  remains  as  a  heavy,  white,  msolume 
powder. 

MEMORANDA  RELATING  TO  THE  GENERAL  ANALYTICAL  TABLES 
FOR  ANY  OS  ALL  OF  THE  COMMON  METALS  (PAGE  257). 

The  group-reagents  adopted  in  the  Table  are,  obviously, 
hydrochloric  acid,  sulphuretted  hydrogen,  sulphydrate  of 
ammonium,  carbonate  of  ammonium,  and  arseniate  of  ammo- 
nium.   If  a  group-reagent  produces  no  precipitate,  it  is  self- 
evident  that  there  can  be  no  member  of  the  group  present. 
At  first,  therefore,  add  only  a  small  quantity  of  a  group-re- 
agent, and  if  it  produces  no  effect  add  no  more ;  for  it  is  not 
advisable  to  overload  a  solution  with  useless  reagents ;  sub- 
stances expected  to  come  down  as  precipitates  are  not  infre- 
quently held  in  the  liquid  by  excess  of  acid,  alkali,  or  strong- 
aqueous  solution  of  some  group-reagent,  thoughtlessly  added. 
Indeed,  experienced  manipulators  make  preliminary  trials 
with  group-reagents  on  a  few  drops  only  of  the  liquid  under 
examination  ;  if  a  precipitate  is  produced,  it  is  added  to  the 
bulk  of  the  original  liquid,  and  the  addition  of  the  group- 
reagent  continued  ;  if  a  precipitate  is  not  produced,  the  few 
drops  are  thrown  away,  and  the  unnecessary  addition  of  a 
group-reagent  thus  avoided  altogether,  an  advantage  fully 
making  up  for  the  extra  trouble  of  making  a  preliminary 
trial. — While  shunning  excess,  however,  care  must  be  taken 
to  avoid  deficiency  ;  a  substance  only  partially  removed  from 
solution  through  the  addition  of  an  insufficient  amount  of  a 
reagent  will  appear  where  not  expected,  be  constantly  mis- 
taken for  something  else,  and  cause  much  trouble  ;  this  will 
not  occur  if  the  appearance,  odour,  or  reaction  of  the  liquid 
on  test-paper  be  duly  observed.    It  is  also  a  good  plan,  when 
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a  group-reagent  has  produced  a  precipitate  and  the  latter 
has  been  filtered  out,  to  add  a  little  more  of  the  reagent  to 
the  clear  filtrate  ;  if  more  precipitate  is  produced  an  msutn- 
cient  amount  of  the  group-reagent  was  introduced  in  thenrst 
instance  ;  but  the  error- is  corrected  by  simply  refiltering  ;  it 
no  precipitate  occurs,  the  mind  is  satisfied  and  the  way 
cleared  for  further  operations.  _         .  . 

Group-precipitates,  or  any  precipitates  still  requiring  ex- 
amination, should,  as  a  rule,  be  well  washed  before  further- 
testing  ;  this  is  to  remove  the  aqueous  solution  of  other  sub- 
stances adhering  to  the  precipitate  (the  mother-liquor  as  it 
is  termed),  so  that  subsequent  reactions  may  take  place 
fairly  between  the  reagent  used  and  the  precipitate  only.- 
A  precipitate  is  sometimes  in  so  fine  a  state  of  division  as  to 
retard  filtration  by  clogging  the  pores  of  the  paper,  or  even 
to  pass  through  the  filter  altogether ;  m  these  cases  the 
mixture  may  be  warmed  or  boiled  (or  a  fresh  quantity  of 
Se  original  solution  may  be  warmed  before  the  group-reagent 
is  added),  which  usually  causes  aggregation  of  the  particles 
of  a  precipitate,  and  hence  facilitates  the  passage  of  liquids 

Division  ofwork.-It  is  immaterial  whether  a  solution  be 
first  divided  into  group-precipitates  or  each  precipitate  be 
examhild  as  Boon  as  produced;  if  the  former  method  be 
aSpTd,  confusion  will  be  avoided  by  labe ling ;  or parking 
the  funnels  or  papers  holding  the  precipitate  "the  HClppt., 
"  fhpi  HcS  not. ."  and  so  on.  .         ,  .  . , 

The  colours  and  general  appearance  of  the  various  sulphas 
and  hydrates  precipitated  should  be  borne  in  mind  a  the 
absence  of  other  bodies,  as  well  as  the  presence  of  those 
thrown  down,  is  often  at  once  thus  indicated 

Avvlication  of  confirmatory  tests  must  be  frequent. 
ReCltTTanalyses  should  be  recorded  neatly  m  a  inemo- 
ranlm^ok;  a   for  correction  and  "*~*w*  % 
teacher  -  b,  for  future  reference  by  the  student,  or,  c  oy 
those  who  may  need  evidence  respecting  his  labours ;  and,  d, 

^^^r  which  occur  in  an  analysis  have 

JnftTerfecfly  clear  to  the  mind,  be  written  out  again  and 
again,  till  thoroughly  understood. 


METALS  OF  MINOR  PHARMACEUTICAL  IMPORTANCE.  259 


QUESTIONS  AND  EXEECISES. 

By  what  process  is  silver  obtained  from  argentiferous  galena  ? — What 
weight  of  English  silver  coin  will  yield  one  pound  of  pure  nitrate  of 
silver  ? — How  may  the  metal  be  recovered  from  impure  silver  salts  ? — 
Give  a  diagram  showing  the  formation  of  nitrate  of  silver. — Describe  the 
reaction  of  lime-water  and  nitrate  of  silver. — Mention  the  chief  test  for 
silver,  and  state  how  silver  salts  may  be  distinguished  from  those  of  lead 
and  mercury. — Name  the  antidote  for  silver. — Give  processes  for  the 
qualitative  analysis  of  liquids  containing  the  following  substances : — 
a.  Antimony  and  Mercurous  salt.  b.  Lead  and  Calcium,  c.  Silver  and 
Mercurous  salt.  d.  Lead  and  Mercuric  salt.  e.  Copper  and  Arsenium. 
f.  Arsenium  and  Antimony,  g.  Aluminium  and  Zinc.  h.  Iron  and 
Copper,  i.  Magnesium,  Calcium,  and  Potassium,  j.  Silver,  Antimony, 
Zinc,  Barium,  and  Ammonium. — Enumerate  the  so-called  group-tests  for 
the  metals. — Give  a  general  sketch  of  the  method  of  analysing  a  solu- 
tion suspected  to  contain  two  or  more  salts  of  common  metals. — Classify 
the  common  metals  according  to  their  analytical  relations. 


METALS  OF  MINOR  PHARMACEUTICAL 
IMPORTANCE. 


Thus  far  has  been  considered,  somewhat  in  detail,  the 
chemistry  of  the  common  metals,  salts  of  which  are  fre- 
quently used  in  medicine  or  in  testing  medicinal  substances. 
These  are : — 

Potassium,        Barium,       Zinc,  Arsenium,  Mercury, 

Sodium,  Calcium,      Aluminium,  Antimony,  Lead, 

Ammonium  (?),  Magnesium,  Iron,  Copper,  Silver. 

Of  the  remaining  metals,  eight  are  mentioned  in  the 
British  Pharmacopoeia,  namely, — 

Lithium,         Manganese,  Tin,  Platinum, 

Cerium,  Chromium,  Gold,  Bismuth. 

Compounds  of  four  more  are  sufficiently  common  to 
occasionally  come  under  notice  : — 

Strontium,       Cobalt,       Nickel,  Cadmium. 

These  twelve  metals  of  minor  pharmaceutical  interest 
may  now  be  shortly  studied,  a  few  only  of  the  reactions  of 
each  (just  those  mentioned  in  the  following  pages)  being  per- 
formed. When  all  have  been  thus  treated,  their  respective 
positions  in  the  analytical  groups  will  be  indicated  and  a 
tabular  scheme  be  given,  by  which  an  analysis  of  a  solution 
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containing  any  metal  may  be  effected.  Thus,  step  by  step, 
we  may  learn  bow  to  analyse  almost  any  substance  that  may 
occur,  and  know  to  wbat  extent  the  presence  of  a  rarer  will 
interfere  with  tbe  ordinary  tests  for  a  common  element  ; 
additional  illustrations  of  tbe  working  of  chemical  laws  will 
be  acquired,  and  the  store  of  chemical  and  pharmaceutical 
facts  be  increased.  The  opportunity  thus  afforded  for  im- 
provement in  habits  of  neatness  of  manipulation,  m  pre- 
cision, and  in  power  of  classification  furnishes  another  and 
no  mean  reason  why  such  experiments  should  be  prosecuted, 
the  direct  value  of  which  may  not  be  considerable  to  medical 
and  pharmaceutical  learners. 

LITHIUM. 

Symbol,  L.    Atomic  weight,  7. 

Lithium  is  widely  distributed  in  nature,  but  usually  in 
minute  proportions  compared  with  other  elements.  _  A  trace 
of  it  may  be  found  in  most  soils  and  waters,  a  Cornish  spring 
containing  even  considerable  quantities  as  chloride. 

One  salt  used  in  medicine  is  the  Citrate  (h.^H^)  {L,unii 
Citrds  BP),  occurring  in  white  deliquescent  crystals  or 
powder,  prepared  by  dissolving  50  grains  of  the  carbonate 
CcO,  and  90  of  citric  acid  (50  to  95  if  both  are  quite 
mire)  in  1  ounce  of  water,  evaporating  to  a  low  bulk,  and 
setting  aside  in  a  dry  place  to  crystallize  or  at  once  evapor- 
ating to  dryness  and  powdering  the  residue  The  crystals 
have  the  formula  L3C6H507,  4H20  ;  dried  at  212  F., 
L3CCH507,  H20  (Umney). 

3L9CO,  +  2H3C6H607  =  2L3C6HB07  +  3H20   +  3C02 

of  lithium. 

The  carbonate  (Lithii  Carbonas  B.T  )  is  a  white  granular 
powder  obtained  from  the  minerals  which  contain  lith  um- 
namely,  lepidolite  (from  W's,  lepis,  a  scale,  and  Xifc*.  Mhos 
a  stone  it  has  a  scaly  appearance),  triphane  (from  Tp«s,  treis, 
three,  and  *o**»,  phaino,  I  shine),  or  spodumene  from  «rf  oSo<o 
2  I  reduce  to  ashes,  in  allusion  to  its  exfoliation  in  the 
bWpe-flame),  and  petalite  (from  **raW,  petalon,  a  leaf; 
its  character  is  leaf  y  and  laminated).  Each  contains  silicate 
of  aluminium,  with  fluoride  of  potassium  and  lithium  in  the 
case  of  Austrian  lepidolite,  which  is  the  most  abundant 
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source,  and  silicate  of  sodium  and  lithium  in  the  others. 
The  lepidolite  is  decomposed  by  sulphuric  acid;  alumina, 
etc.,  precipitated  by  ammonia ;  the  nitrate  evaporated  and 
the  residue  ignited;  the  resulting  sulphates  dissolved  in 
water  and  the  lithium  precipitated  by  a  carbonate.  The 
preparation  of  common  alum  is  sometimes  made  a  part  of  the 
factory  processes,  and  other  obvious  modifications  may  he 
introduced.  Liquor  Lithice  Effervescens,  B.P.,  is  a  solution 
of  10  grains  of  carbonate  of  lithium  in.  1  pint  of  water 
charged  with  five  times  its  volume  of  carbonic  acid  gas  and 
kept  in  ordinary  aerated- water  bottles.  "Half  a  pint, 
evaporated  to  dryness,  yields  5  grains  of  a  white  solid  resi- 
due, answering  to  the  tests  for  carbonate  of  lithium.  .  .  _ . 
Ten  grains  of  the  latter  salt,  neutralized  with  sulphuric 
acid  and  afterwards  heated  to  redness,  leaves  14-86  grains 
of  dry  sulphate  of  lithium,  which,  when  redissolved  in  dis- 
tilled water,  yields  no  precipitate  with  oxalate  of  ammonium 
or  solution  of  lime,"  indicating  absence  of  salts  of  calcium 
and  aluminium.  Citrate  of  lithium  should  yield  by  incinera- 
tion 52-8  per  cent,  of  white  carbonate  of  lithium.  According 
to  C.  N.  Draper,  carbonate  of  lithium  is  soluble  in  68  parts 
of  water  at  15°  C.  and  131  at  100°  C. 

Urate  of  lithium  *  is  more  soluble  than  urate  of  sodium ; 
hence  lithium  preparations  are  administered  to  gouty  patients 
in  the  hope  that  urate  of  sodium,  with  which  such  systems 
are  loaded,  may  become  urate  of  lithium  and  be  removed. 

In  chemical  position  lithium  stands  between  the  alkaline 
and  the  alkaline-earth  metals,  its  hydrate,  carbonate,  and 
phosphate  being  slightly  soluble  in  water.  The  double 
chloride  of  platinum  and  lithium  also  is  soluble  in  water. 
The  atom  of  lithium  is  univalent,  IA 

Analytical  Reaction. — Moisten  the  end  of  a  platinum  wire 
with  solution  of  a  minute  particle  of  solid  lithium  salt,  and 
introduce  it  into  the  flame  of  a  Bunsen  burner  or  other 
almost  colourless  flame  (spirit-lamp  or  blowpipe-flame) ;  a 
magnificent  crimson  tinge  is  imparted. 

The  light  thus  emitted  by  ignited  lithium  vapour  is  of  a 
purer  scarlet  than  that  given  by  strontium,  the  next  element. 
When  the  flames  are  examined  by  spectral  analysis  (physically 

*  Urates  will  be  considered  subsequently  in  connection  with  uric  acid. 
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analysed  by  a  prism),  the  red  rays  are,  in  the  case  of  stron- 
tium, found  to  be  associated  with  blue  and  yellow,  neither  of 
which  are  present  in  the  lithium  light,  blue  lithium  rays  only 
appearing  at  temperatures  much  higher  than  those  of  the 
air-gas  flame,  or,  indeed,  any  other  ordinary  flame. 

STRONTIUM. 

Symbol,  Sr.    Atomic  weight,  87-4 

flource.— Strontium  is  not  widely  distributed  in  nature ; 
but  the  carbonate  (SrC03),  known  as  strontianite,  and  the 
sulphate  (SrSOJ,  known  as  celestine  (from  ccelum,  the  sky, 
in  allusion  to  its  occasional  bluish  colour),  are  by  no  means 

rare  minerals.  mi,»,. 
Salts  of  strontium  are  rarely  employed  m  medicine,  iney 
are  chiefly  used  by  firework-manufacturers  m  preparing  red 
fire  "  The  colour  they  impart  to  flame  is  a  crimson— ignited 
strontium  vapour  emitting  crimson  rays,  as  already  explained. 
Nitrate  of  strontium  (Sr2NOs)  is  best  for  pyrotechnic  com- 
positions, its  oxygen  enabling  it  to  burn  freely  when  mixed 
with  charcoal,  sulphur,  etc.  This  salt  may  be  obtained  by 
dissolving  the  carbonate  in  nitric  acid  ;  others  similarly 
or  by  igniting  the  cheaper  sulphate  with  coal,  whereby  sul- 
phide (SrS)  is  produced,  and  dissolving  this  in  acid. 

The  position  of  strontium  among  the  chemical  elements 
is  between  barium  and  calcium;  its  sulphate  is  extremely 
sparingly  soluble  in  water  Its  atom,  like  those  of  barium 
and  calcium,  is  bivalent  (Sr"). 

Analytical  Eeactions  (Tests). 
First  Analytical  Reaction.— To  a  solution  of  a  strontium 
salt  (Sr2NO„  or  SrCl2)  add  carbonate  of  ammonium;  a  white 
precipitate  (carbonate  of  strontium,  SrC03)  falls. 

Second  Analytical  Reaction.-To  a  solution  of  a  strontium 
salt  add  sulphuric  acid  previously  so  diluted  that  it  will  not 
precipitate  calcium  salts,  or  add  an  equally  dilute  solution  of 
any  sulphate,  e.g.  that  of  calcium  itself  ;  a  white  precipitate 
(sulphate  of  strontium,  SrS04)  falls.  The  formation  of  this 
pr  dpitate  is  promoted  by  stirring  and  by  Betting  the  liquid 
Side  for  some  time.  (Barium  is  precipitated  immediately 
under  similar  circumstances.) 
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Third  Analytical  Reaction— To  a  dilute  solution  of  a 
strontium  salt  add  yellow  chromate  (K2Cr04  or  KNH4Cr04) ; 
no  precipitate  falls. 

Barium  may  be  separated  from  strontium  by  chromate  of 
potassium,  that  reagent  at  once  precipitating  bariuni  from 
aqueous  or  acetic  solutions.  The  value  of  the  reaction  is 
enhanced  if  acetic  acid  or  acetate  of  ammonium  be  present, 
chromate  of  strontium  being  far  more  soluble  in  such  fluids 
than  in  water  (Eansom).  It  is  also  more  soluble  in  cold 
than  in  hot  fluids. 

Fourth  Analytical  Reaction— Insert  a  fragment  of  a  stron- 
tium salt  in  the  blowpipe-flame,  or  other  equally  colourless 
flame,  or  hold  the  end  of  a  platinum  wire  dipped  into  a  stron- 
tium solution  in  the  flame  ;  a  crimson  colour  is  imparted. 

Other  Analytical  Reactions.  —  Alkali-metal  phosphates, 
arseniates  and  oxalates  give  white  insoluble  precipitates 
with  strontium  as  with  barium  and  calcium. 


Cerium.    Ce.    At.  wt.,  141.— This  element  occurs  in  the 
mineral  cerite  (a  silicate  of  iron,  calcium,  and  the  three  rare 
metals,  cerium,  lanthanium,  and  didymium) ;  also  occasion- 
ally as  impure  fluoride,  carbonate,  and  phosphate.  The 
oxalate  of  cerium,  a  white  granular  powder,  is  the  only 
official  salt ;  it  may  be  obtained  from  cerite  by  boiling  the 
powdered  mineral  in  strong  hydrochloric  acid  for  several 
hours,  evaporating,  diluting,  and  filtering  to  separate  silica  ; 
adding  ammonia  to  precipitate  hydrates  of  all  the  metals 
except  calcium ;  filtering  off,  washing,  redissolving  in  hydro- 
chloric acid,  and  adding  oxalic  acid  to  precipitate  oxalate  of 
cerium.    The  preparation  will  still  contain  oxalates  of  lan- 
thanium and  didymium  ;  it  is  therefore  strongly  calcined, 
the  resulting  oxides  of  lanthanium  and  didymium  dissolved 
out  to  some  extent  by  boiling  with  a  concentrated  solution  of 
chloride  of  ammonium,  the  residual  oxide  of  cerium  dissolved 
in  boiling  hydrochloric  acid,  and  oxalate  of  ammonium  added 
to  precipitate  oxalate  of  cerium  (Ce"'23C204,  9H20).  Accord- 
ing to  Hartley,  the  precipitated  hydrates  should  be  treated 
with  chlorine,  by  which  eerie  hydrate  is  left  insoluble  and  the 
other  hydrates  converted  into  soluble  hypochlorites. 
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Oxalate  of  cerium  {Cerii  Oxalas,  B.P.)  is  decomposed  at  a 
dull-red  heat,  48  per  cent,  of  a  yellow  or,  more  generally, 
salmon-coloured  mixture  of  oxides  remaining.    Usually  the 
didymium  present  gives  the  ignited  residue  a  reddish  or 
reddish-brown  colour.    The  oxides  are  soluble  in  boiling 
hydrochloric  acid  (without  effervescence,  indicating,  indi- 
rectly, absence  of  earthy  and  other  carbonates  or  oxalates) ; 
and  the  solution  gives,  with  excess  of  a  saturated  solution 
of  sulphate  of  potassium,  a  crystalline  precipitate  of  double 
sulphate  of  cerium  and  potassium.     Alumina  mixed  with 
oxalate  of  cerium  may  be  detected  by  boiling  with  solution 
of  potash,  filtering,  and  adding  excess  of  solution  of  chloride 
of  ammonium,  when  a  white  flocculent  precipitate  (hydrate  of 
aluminium)  will  be  obtained.   The  oxalic  radical  is  recognised 
by  neutralizing  the  potash  solution  by  acetic  acid  and  adding 
chloride  of  calcium  ;  a  white  precipitate  (oxalate  of  calcium) 
falls :  this  precipitate,  though  insoluble  in  acetic,  should  be 
wholly  dissolved  by  hydrochloric  acid.     Acid  or  neutral 
cerium  solutions  give  with  acetate  of  sodium  and  peroxide 
of  hydrogen  a  brownish-red  colour  (Hartley). 

According  to  Greenish,  most  samples  of  the  oxalate  con- 
tain as  impurities  traces  of  lead,  iron,  and  magnesium. 


MANGANESE. 

Symbol,  Mn.    Atomic  weight,  55. 

gource .—Manganese  is  a  constituent  of  many  minerals,  and, 
as  black  oxide,  (Mn02)  (Manganesii  Oxidum  Nigrum,  B.P.), 
or  pyrolusite  (from  ™P,  pur,  fire,  and  Au'cm,  lusts,  a  loosing  or 
resolving,  in  allusion  to  the  readiness  with  which  it  is  split 
up  by  heat  into  a  lower  oxide  and  oxygen),  is  met  with  m 
abundance  in  the  south-west  of  England,  Aberdeenshire, 
and  most  countries  of  Europe.  It  occurs  as  a  steel-grey  mass 
of  prismatic  crystals,  or  in  black  shapeless  lumps. 

The  chemical  position  of  manganese  is  close  to  iron  and 
three  other  metals  still  to  be  considered-cobalt,  nickel,  and 
chromium.  Its  atom  apparently  has  sexivalent  affinities,  as 
seen  in  manganate  of  potassium  (K2Mn04) ;  but  commonly 
it  is  quadrivalent  (Mn"")  or  bivalent  (Mn").  _ 

[/sk—Metallic  manganese,  which  may  be  isolated  by  aid 
of  sodium,  is  used  in  alloy  with  iron  in  the  manufacture  o 
some  var  eties  of  steel.    The  black  oxide  is  an  important 
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agent  in  the  production  of  chlorine,  and  in  the  preparation 
of  green  and  purple  disinfecting  inanganates,  purple  glass, 
and  black  glaze  for  earthenware. 

Reactions  having  both  Synthetical  and  Analytical 

Interest. 

First  Reaction— Boil  a  little  black  oxide  of  manganese 
-with  hydrochloric  acid  in  a  fume-chamber  until  chlorine 
ceases  to  be  evolved  ;  filter  ;  the  filtrate  is  a  solution  of  man- 
ganous  chloride  (MnCl2).  Mn02  +  4HC1  -  MnCl2  +  2H20  +  Cl2. 

This  is  the  reaction  commonly  applied  in  the  preparation 
of  chlorine  gas.  It  is  also  a  ready  method  of  preparing  a 
manganous  salt  for  analytical  experiments.  Coupled_  with 
the  application  of  reagents  to  the  titrate,  the  reaction  is 
that  by  which  a  black  powder  or  mineral  would  be  recognised 
as  black  oxide  of  manganese.  Black  oxide  of  manganese 
dissolves  in  cold  hydrochloric  acid,  forming  a  dark  brown 
solution  of  a  higher  chloride  or  chlorides,  MnCl3,  Mn2Cl7, 
or,  possibly,  MnCl^. 

Second  Reaction— -Heat  a  manganese  compound  with  a 
grain  or  two  of  carbonate  and  hydrate  of  potassium  and  a 
fragment  of  nitrate  or  chlorate  of  potassium  on  platinum  foil 
in  the  blowpipe-flame ;  a  green  mass  containing  mancjanate 
of  potassium  (K2MnOi)  results.  Boil  the  foil  in  water ; 
the  green  manganate  dissolves,  the  fluid  soon  changing  to 
solution  of  the  purple  permanganate  of  potassium  (K2Mn208). 

Carefully  performed,  this  is  a  delicate  test  for  manganese. 

The  reaction  is  similar  to  that  by  which  permanganate  of 
potassium  (Potassii  Permanganas,  B.P.)  is  directed  to  be 
prepared  for  use  in  volumetric  analysis.  Liquor  Potassii 
Permanganatis,  B.P.,  is  a  solution  of  88  grains  of  perman- 
ganate of  potassium  in  1  pint  of  distilled  water.  Equations 
showing  the  exact  action  which  occurs  in  making  the  salt 
according  to  the  process  of  the  British  Pharmacopoeia  have 
already  been  given  in  connection  with  the  compounds  of 
potassium  (vide  p.  81).  The  proportions  of  ingredients  aDd 
details  of  the  operation  are  as  follows  : — 
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Reduce  3|  parts  (for  experiment  each  "  part "  may  be 
i  ounce)  of  chlorate  of  potassium  to  fine  powder,  and  mix  it 
with  4  of  black  oxide  of  manganese  ;  put  the  mixture  into  a 
porcelain  basin,  and  add  to  it  5  parts  of  solid  caustic  potash, 
previously  dissolved  in  4  parts  of  water.  Evaporate  to  dry- 
ness, stirring  diligently  to  prevent  spurting.  Pulverize  the 
mass,  put  it  into  a  covered  Hessian  or  Cornish  crucible,  and 
expose  it  to  a  dull  red  heat  (not  higher)  for  an  hour  (20  or 
30  minutes  for  quantities  of  1  or  2  ounces),  or  till  it  has 
assumed  the  condition  of  a  semi-fused  mass.  Allow  to  cool, 
pulverize,  and  boil  with  about  30  parts  of  water.  Let  the 
insoluble  matter  subside,  decant  the  fluid,  boil  again  with 
about  10  parts  of  water,  again  decant,  neutralize  the  united 
liquors  accurately  with  diluted  sulphuric  acid  (or  better, 
carbonic  acid  gas),  and  evaporate  till  a  pellicle  forms.  Set 
aside  to  cool  and  crystallize.  Drain  the  crystalline  mass, 
boil  it  in  6  parts  of  water,  and  strain  through  a  funnel  the 
throat  of  which  is  lightly  obstructed  by  a  little  asbestos  or 
gun-cotton.  Let  the  fluid  cool  and  crystallize,  drain  the  dark- 
purple,  slender,  prismatic  crystals,  and  dry  them  by  placing 
under  a  bell-jar  over  a  vessel  containing  sulphuric  acid. 

Instead  of  converting  the  manganate  by  ebullition,  and 
neutralizing  the  free  alkali  by  acid,  by  which  one-third  of 
the  manganese  is  lost,  chlorine  may  be  passed  through  the 
cold  solution  until  the  green  colour  is  entirely  changed  to 
purple.    2K2Mn04  +  Cl2  =  K2Mn208  +  2KC1. 

Solutions  of  the  manganates  of  potassium  and  sodium  are 
in  common  use  as  green  and  purple  disinfecting  fluids. 
They  act  by  oxidizing  organic  matter,  the  manganic  or  per- 
manganic radical  being  reduced  to  black  manganic  oxide,  or 
even  a  lower  oxide.  The  reason  for  using  asbestos  instead 
of  paper  in  filtering  the  solutions  will  now  be  understood. 

The  changes  in  colour  which  the  green  mass  of  the  above 
process  undergoes  when  dropped  into  warm  water  produced 
for  it  the  old  name  of  mineral  chameleon. 

Third  Reaction.— Make  a  borax  bead  by  heating  a  frag- 
ment of  the  salt  on  the  looped  end  of  a  platinum  wire  in  the 
blowpipe-flame  until  a  clear  transparent  globule  is  obtained. 
Place  on  the  bead  a  minute  portion  of  a  manganese  com- 
pound, or  touch  it  with  a  drop  of  solution.  Again  fuse  the 
borax ;  a  bead  of  a  violet  or  amethystine  tint  is  produced. 
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This  is  a  good  analytical  reaction.  It  has  also  synthetical 
interest,  illustrating  the  use  of  black  oxide  of  manganese  in 
producing  common  purple-tinted  glass. 

Expose  the  bead  to  the  reducing  part  of  the  flame  (p.  150), 
the  part  nearer  to  the  blowpipe,"  where  there  are  highly 
heated  hydrocarbon  gases  greedy  of  oxygen ;  the  colour  dis- 
appears. 

This  is  owing  to  the  reduction  of  the  manganic  compound 
to  a  manganous  condition,  in  which  it  no  longer  possesses 
peculiar  colouring-power.  This  action  also  illustrates  the  use 
of  black  oxide  of  manganese  in  glass-manufacture.  Glass, 
when  first  made,  is  usually  of  a  green  tint,  owing  to  the  pre- 
sence of  ferrous  impurities  ;  the  addition  of  manganic  oxide 
to  the  materials  converts  the  ferrous  into  ferric  compounds, 
which  have  comparatively  little  colorific  power,  it  itself  being 
thereby  reduced  to  manganous  oxide,  Avhich  also  gives  but 
little  colour.  If  excess  of  manganic  oxide  be  added,  a  purple 
tint  is  produced. 

Reactions  having  Analytical  Interest  (Tests). 

Fourth  Reaction.— Through  a  solution  of  a  manganous 
salt  acidified  by  hydrochloric  acid  pass  sulphuretted  hydro- 
gen ;  no  decomposition  occurs.  Add  ammonia  ;  the  sulphy- 
drate  of  ammonium  thus  formed  causes  the  precipitation  ot 
a  yellowish-pink  or  flesh-tinted  precipitate  (manganous 
sulphide,  MnS,  in  a  hydrous  state). 

This  reaction  is  characteristic,  sulphide  of  manganese 
being  the  only  flesh-coloured  sulphide  known.  The  salt  used 
may  be  the  manganous  chloride  obtained  in  the  first  reac- 
tion ;  but  such  crude  solutions  usually  give  a  black  precipi- 
tate with  sulphydrate  of  ammonium,  owing  to  the  presence 
of  iron.  The  latter  element  may  be  precipitated,  however, 
on  adding  excess  of  ammonia  (and  rapidly  filtering,  or  oxygen 
will  be  absorbed  and  most  of  the  manganese  also^  be  precipi- 
tated) or  on  boiling  the  manganous  solution  with  a  very 
little  carbonate  of  sodium,  which  attacks  the  ferric  salt  in 
preference  to  the  manganous.  Pure  manganous  chloride 
may  be  similarly  obtained  on  boiling  the  impure  solution 
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with  manganous  carbonate ;  the  latter  decomposes  the  ferric 
chloride,  with  production  of  ferric  hydrate  and  more  manga- 
nous chloride  and  evolution  of  carbonic  acid  gas. 

To  the  recently  precipitated  manganous  sulphide  add 
acetic  acid  ;  it  is  dissolved. 

This  solubility  enables  manganese  to  be  separated  from 
nickel,  cobalt,  and  zinc,  whose  sulphides  are  insoluble  in 
weak  acetic  acid.  To  express  the  fact  in  another  way — 
manganese  is  not  precipitated  by  sulphuretted  hydrogen 
from  a  solution  containing  free  acetic  acid. 

Fifth  Reaction. — To  solution  of  a  manganous  salt  add 
ammonia ;  a  white  precipitate  (manganous  hydrate,  Mn2HO) 
falls.  Add  excess  of  ammonia  ;  some  of  the  precipitate  is 
dissolved,  and  may  be  detected  in  the  quickly  filtered  solu- 
tion by  sulphydrate  of  ammonium.  But  both  precipitate 
and  solution  rapidly  absorb  oxygen,  the  manganese  passing 
into  a  more  highly  oxidized  condition,  in  which  it  is  insoluble 
in  ammonia.  The  fixed  alkalies  give  a  similar  precipitate 
insoluble  in  excess.  The  precipitate  rapidly  absorbs  oxygen, 
becomes  brown,  and  gradually  passes  into  a  higher  oxide. 

Sixth  Reaction.— To  a  solution  of  a  manganous  salt  add 
diluted  nitric  acid,  and  either  red  lead  or  the  puce-coloured 
oxide  or  peroxide  of  lead,  and  then  boil ;  a  red  tint,  said  to 
be  due  to  permanganic  acid,  is  imparted  to  the  liquid.  If 
chlorides  are  present,  the  manganese,  etc.,  should  be  sepa- 
rated by  potash  or  soda,  the  precipitate  be  well  washed, 
dissolved  in  nitric  acid,  and  then  the  oxide  be  added.  (Crum.) 

Many  other  reactions  occur  between  manganese  salts  and 
various  reagents,  but  are  of  no  particular  synthetical  or 
analytical  interest. 

COBALT  AND  NICKEL. 

Kriiss  and  Schmidt  state  that  these  very  closely  allied 
metals,  as  hitherto  known,  are  not  true  elements,  but  contain 
a  third  element,  the  oxide  of  which  resembles,  yet  distinctly 
differs  from,  alumina  and  oxide  of  zinc. 
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COBALT. 

Symbol,  Co.    Atomic  weight,  58-6. 

Source—  Cobalt  occurs  sparingly  in  Nature  as  the  arse- 
nide (CoAs2\  or  tin-white  cobalt,  and  occasionally  as  a  double 
arsenide  and  sulphide  (CoAs2,  CoS2),  or  cobalt-glance  (from 
glanz,  brightness,  in  allusion  to  its  lustre). 

Uses  —Its  chief  use  is  for  colouring  glass  blue.  Cobalt  is 
also  the  colouring  constituent  of  smalt  (from  smelt,  a  corrup- 
tion of  melt),  a  finely  ground  sort  of  glass  used  as  a  blue 
pigment  by  paper-stainers  and  others,  and  employed  also  by 
laundresses  to  neutralize  the  yellow  tint  of  washed  linen. 

The  salts  of  cobalt  may  be  obtained  from  the  oxide  (CoO), 
and  the  oxide  from  zaffre,  a  mixture  of  sand  and  roasted 
ore. 

Quantivalence  —  The  atom  of  cobalt  often  exhibits  quad- 
rivalent affinities,  but  still  more  often  exerts  only  bivalent 
powers  (Co").  Cobalt  has  analytical  relations  with  zinc, 
nickel,  and  manganese. 

Analytical  Reactions  (Tests). 

First  Analytical  Reaction. — Pass  sulphuretted  hydrogen 
through  an  acidified  solution  of  a  salt  of  cobalt— the  chloride 
(CoCl2)  or  nitrate  (Co2N03)  for  example ;  no  decomposition 
occurs.  Add  ammonia ;  the  sulphydrate  of  ammonium  thus 
formed  causes  a  black  precipitate  (sulphide  of  cobalt,  CoS). 
(The  moist  precipitate  slowly  absorbs  oxygen  from  the  air, 
yielding  some  sulphate  of  cobalt,  C0SO4.) 

Second  Analytical  Reaction. — Add  ammonia  gradually  to 
a  cobalt  solution ;  a  blue  precipitate  (impure  hydrate  of 
cobalt,  Co2HO)  falls.  Add-  excess  of  ammonia;  the  preci- 
pitate is  dissolved,  yielding  a  liquid  somewhat  more  reddish- 
brown  than  the  original  solution.  A  similar  precipitate  is 
given  by  the  fixed  alkalies,  insoluble  in  excess. 

Third  Analytical  Reaction.— Make  a  borax  bead  by  heat- 
ing a  fragment  of  the  salt  on  the  looped  end  of  a  platinum 
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wire  in  the  blowpipe-flame  until  a  clear  transparent  globule 
is  obtained.  Place  on  the  bead  a  minute  portion  of  any 
cobalt  compound,  or  touch  it  with  a  drop  of  solution.  Again 
fuse  the  borax  ;  a  blue  bead  results. 

This  is  a  delicate  test  for  cobalt.  From  what  has  been 
said  previously,  it  will  be  seen  that  this  experiment  has 
also  considerable  synthetical  interest. 

Fourth  Analytical  Reaction. — To  a  solution  of  a  salt  of 
cobalt  add  a  few  drops  of  hydrochloric  acid,  then  excess  of 
solution  of  cyanide  of  potassium,  and  boil  for  ten  minutes  ; 
oxygen  is  absorbed,  and  cobalticyanide  of  potassium 
(K6Co2Cy12)  formed.  Add  hydrochloric  acid,  and  boil  the 
mixture  (in  a  fume-cupboard,  to  avoid  inhalation  of  any 
hydrocyanic  acid);  the  excess  of  cyanide  of  potassium  is 
thus  decomposed,  the  cobalticyanide  unaffected.  Now  add 
excess  of  solution  of  potash  ;  the  cobalticyanide  of  potassium 
is  probably  decomposed,  but  the  cobalt  remains  dissolved  in 
the  alkaline  liquid.  Nickel  under  similar  circumstances  is 
precipitated,  the  reaction  thus  affording  means  of  separating 
these  closely  allied  metals  from  each  other. 

Other  reactions  between  a  cobalt  solution  and  different 
reagents  may  be  performed,  and  various  precipitates  ob- 
tained ;  but  these  have  no  special  analytical  interest. 

Invisible  Ink.— Many  salts  of  cobalt  containing  water  of 
crystallization  are  light  red,  the  anhydrous  more  or  less  blue. 
Prove  this  by  writing  some  words  on  paper  with  a  solution 
of  chloride  of  cobalt  sufficiently  dilute  for  the  characters  to 
be  invisible  when  dry :  hold  the  sheet  before  a  fire  or  over  a 
flame ;  the  letters  at  once  become  visible,  distinct,  and  of  a 
blue  colour.  Breathe  on  the  words,  or  set  the  sheet  aside 
for  a  while  ;  the  characters  are  once  more  invisible,  owing  to 
absorption  of  moisture.  Hence  solution  of  chloride  of  cobalt 
forms  one  of  the  so-called  sympathetic  inks. 
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NICKEL. 

Symbol,  Ni.    Atomic  weight,  58*6. 

The  ores  of  nickel  and  cobalt  are,  commonly,  associated 
in  nature.  Indeed  it  is  from  speiss,  an  arsenio-sulphide  of 
nickel  obtained  in  the  manufacture  of  a  pigment  of  cobalt, 
smalt,  already  mentioned,  that  much  of  the  nickel  met  with 
in  commerce  has  hitherto  been  obtained.  Garnierite,  silicate 
of  magnesium  and  of  nickel,  containing  no  cobalt,  is  also  a 
valuable  source  of  cobalt.  Nickel  is  used  in  the  preparation 
of  the  white  alloy  known  as  German  or  nickel  silver,  and  for 
plating  iron. 

Quantivalence  —  Nickel  exerts  bivalent  activity  (Ni")  in 
its  ordinary  compounds.  Its  salts  and  their  solutions  are 
usually  green.  They  are  chiefly  made,  directly  or  indi- 
rectly, from  the  metal  itself. 

Analytical  Reactions  (Tests). 

First  Analytical  Reaction.— -Pass  sulphuretted  hydrogen 
through  an  acidified  solution  of  a  salt  of  nickel— chloride 
(NiCl2),  nitrate  (Ni2N03),  or  sulphate  (NiS04);  no  decom- 
position occurs.  Add  ammonia ;  the  sulphydrate  of  ammo- 
nium formed  causes  a  black  precipitate  (sulphide  of  nickel, 
NiS). 

Note.— When  sulphide  of  nickel  is  precipitated  by  the 
direct  addition  of  the  common  yellow  solution  of  sulphydrate 
of  ammonium,  which  always  contains  free  sulphur,  there  is 
much  difficulty  in  filtering  the  mixture,  owing  to  the  slight 
solubility  of  sulphide  of  nickel  in  the  reagent  and  the  forma- 
tion of  some  sulphate  of  nickel  (NiS04),  oxygen  being  ab- 
sorbed from  the  air  by  the  sulphide.  This  may  be  avoided 
by  warming  the  mixture  and  using  freshly  made  sulphydrate 
of  ammonium,  in  which  the  sulphide  of  nickel  is  insoluble ; 
or,  when  practicable,  the  salt  of  nickel  may  be  precipitated 
from  an  ammoniacal  solution  by  sulphuretted  hydrogen. 

Second  Analytical  Reaction. — Add  ammonia  drop  by  drop 
to  a  nickel  solution  ;  a  pale-green  precipitate  (hydrate  of 
nickel,  Ni2HO)  falls— especially  on  boiling  the  mixture. 
Add  excess  of  ammonia ;  the  precipitate  dissolves,  yielding  a 
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bluish  rather  than  the  original  green-coloured  solution.  A 
similar  precipitate  is  given  by  the  fixed  alkalies,  insoluble 
in  excess. 

Third  Analytical  Reaction. — Nickel  salts  colour  a  borax 
bead,  when  hot,  a  reddish- yellow  tint ;  the  reaction  is  not 
very  serviceable  analytically. 

Fourth  Analytical  Reaction— To  a  solution  of  a  salt  of 
nickel  add  solution  of  cyanide  of  potassium;  cyanide  of  nickel 
(NiCy3)  is  precipitated.  Add  excess  of  solution  of  cyanide 
of  potassium ;  the  precipitate  is  dissolved  with  formation  of 
double  cyanide  of  nickel  and  potassium  (NiCy2,  2KCy). 
Next  add  hydrochloric  acid,  and  boil  the  mixture  (in  a  fume- 
cupboard,  adding  a  little  hydrochloric  acid  from  time  to 
time  until  all  smell  of  hydrocyanic  acid  has  disappeared). 
Lastly,  add  excess  of  solution  of  potash ;  pale-green  hydrate 
of  nickel  is  precipitated. 

Qualitative  separation  of  Cobalt  and  Nickel. 

(This  process  requires  much  practice  for  its  successful  performance,  and 
need  not  be  attempted  by  pupils  whose  studies  are  restricted  to  medicine  or 
pharmacy.) 

The  foregoing  reaction  serves  for  the  separation  of  nickel 
from  cobalt.  On  adding  excess  of  cyanide  of  potassium  to  a 
very  slightly  acidified  solution  containing  the  two  metals, 
and  well  boiling,  a  solution  of  cobalticyanide  of  potassium 
and  double  cyanide  of  nickel  and  potassium  results.  On 
boilino-  with  excess  of  hydrochloric  acid,  the  nickel  salt  is 
converted  into  chloride,  and  this  with  the  cobalticyanide 
of  potassium,  gives  a  milky-looking  precipitate  of  cobalticy- 
anide of  nickel  (Ni3Co2Cy:2),  insoluble  in  the  acid.  On  then 
adding  excess  of  potash,  the  cobalticyanide  of  nickel  is  de- 
composed, nickel  hydrate  remaining  as  a  green  nocculent 
precipitate,  and  cobalticyanide  of  potassium  going  into  solu- 
tion After  filtering  off  the  nickel,  cobalt  is  detected  in  the 
filtrate  by  evaporating  to  dryness  and  testing  the  residue 
with  borax  in  the  blowpipe-flame. 

Other  reactions  between  a  nickel  solution  and  various 
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reagents  give,  in  many  cases,  insoluble  precipitates  which, 
from  their  green  colour,  are  occasionally  useful  in  distin- 
guishing nickel  from  allied  elements. 

CHROMIUM. 

Symbol,  Cr.    Atomic  weight,  52-5. 

Soiorce.— The  chief  ore  of  chromium  is  chrome  ironstone 
(a  compound  of  the  metallic  oxides  FeO,  Cr203),  occurring 
chiefly  in  the  United  States  and  Sweden.  In  constitution  it 
seems  to  resemble  magnetic  iron  ore  (FeO,  Fe203).  The 
metal  may  be  isolated  by  aid  of  sodium. 

Preparation  of  Bed  Chr  ornate  of  Potassium— On  roasting 
the  powdered  ore  with  carbonate  of  potassium  and  nitre, 
yellow  chromate  of  potassium  (K2Cr04)  is  obtained ;  the  mass, 
treated  with  acid,  yields  red  or  bichromate  (K2Cr04,  Cr03) 
(Potassii  Bichromas,  B.P.),  the  old  bichromate  of  potash  ; 
from  this  other  chromates  are  prepared,  and,  by  reduction, 
as  presently  explained,  the  salts  of  chromium  itself.  The 
yellow  and  orange  chromates  of  lead  are  used  as  pigments. 

Notes  —Red  chromate  of  potassium  is  a  somewhat  abnor- 
mal salt,  containing,  possibly,  neutral  chromate  associated 
with  chromic  anhydride,  and  hence  termed  anhyclrochromate 
of  potassium  (K2Cr04,  Cr03)  or  pyrochromate  of  potassium 
(K2Cr207).  The  value  of  chromates  as  chemical  reagents  is 
alluded  to  in  connection  with  chromate  of  barium  (pp.  110 
and  127).  Heated  strongly  in  a  crucible,  red  chromate  of 
potassium  splits  up  into  yellow  chromate,  glistening  oxide  of 
chromium,  and  oxygen.  Red  chromate  of  ammonium  by 
heat  yields  several  times  its  volume  of  bluish-green  oxide  of 
chromium,  water,  and  nitrogen.  (NH4)2Cr04,  Cr03  =  Cr203 
+  4H20  +  N2. 

Quantivalence.  —  Chromium  stands  in  close  chemical  rela- 
tion to  iron,  aluminium,  and  manganese.  Its  atom  is  sexi- 
valent  if  the  formula  of  the  fluoride  (CrF6)  be  correct.  Like 
iron  and  aluminium,  it  is  trivalent,  as  seen  in  chromic 
chloride  (Cr2Cl6),  but  sometimes  exerts  only  bivalent  acti- 
vity, as  in  chromous  chloride  (CrCl2). 

Passage  of  chromium  from  the  acidulous  to  the  basylous 
side  of  salts. — Through  an  acidified  solution  of  red  chromate 
of  potassium  pass  sulphuretted  hydrogen ;  sulphur  is  de- 

A.C.  T 
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posited,  and  a  green  salt  of  chromium  remains  in  s olution- 
Llorid^Cr^if  hydrochloric  acid  be  ^ 
fCr03S04)  if  sulphuric  be  the  acid  employed  Boil  the  Uquia 
to  expel  excess  of  sulphuretted  hydrogen,  filter,  and  reserve 
he  solution  for  subsequent  experiments.  (For  an  equation 
explanlry  of  this  reaction,  see  p.  275.)  Alcohol,  sugar  or 
S^aa/BubBtoce  which  is  tolerably  liable  to  oxidation 
will  answer  as  well  as  sulphuretted  hydrogen. 

^  f0*  J"  CryStallme 
tm  andS  structure:  they  are  of  a  purple  colour-. 

Reactions. 

Chromium  as  chromic  acid  or  other  chromate  This  is  the 
state  in  which  chromium  will  usually  be  met  with,  the  most 
state  m  ^nicn  d  chromate  or  bichromate  of  potas- 

sTmm    Mix  foiir  volumes  of  a  cold  saturated 
t  on  of  red  chromate  of  potassium  with  five  of  oil  of  vitriol 
Co   liBg,  —  «U«  ^hydrous  chromr^d 
ou  ouuiiiig,,  T>p\  oA-nn rates  in  crimson 

/rvm  (Acidum  Chromicum,  ti.r.)  separates,  iu 
iedta    Itr  well  draining,  tbeerystals  maybe  teedfrom 

Idtlng  eulptaio  acid  ^^^SXSS 

■  +Tip  latter  mav  be  removed  by  passing  ° 
^m^*  tbroagb  a  tab e  — S  ^^e^X 

££r  and  ferms  solution  of  1  ^ 

iVtef  ^"^S^  Itydride powerfully 

corrosive  oxidising  ageat ,  it  melts  botw  de  ^ 

and  at  a  bigber  *P»^«So  matL  witb  great 
chromium  and  oxygen  ;  it  oxidizes  org*u 

"  tbToxygen  lo  obromio  acid  and  ffi 
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to  that  in  peroxide  of  hydrogen,  peroxide  of  barium,  and 
similar  compounds.  On  bringing  chromic  acid,  or  the  above 
acidified  solution  of  red  chromate  of  potassium,  into  contact 
with  solution  of  peroxide  of  hydrogen,  a  strong  effervescence 
of  oxygen  ensues.  According  to  Schonbein  and  Brodie,  the 
oxygen  in  chromic  acid  is  in  the  negative  or  ozonic  state, 
while  that  of  peroxide  of  hydrogen  is  in  the  positive  or  so- 
called  antozonic  condition.  Both  are  equally  active,  but 
neutralize  each  other,  forming  neutral  or  ordinary  oxygen. 

In  the  analytical  examination  of  solutions  containing  chro- 
mates,  the  chromium  will  always  come  out  in  the  state  of 
green  chromic  hydrate  along  with  ferric  hydrate  and  alumina, 
the  prior  treatment  by  sulphuretted  hydrogen  reducing  the 
chromium  in  the  molecule  to  the  lower  state,  thus  : — 

K2Cr04,  Cr03  +  8HC1  +  3H2S  =  Cr2Cl6  +  2KC1  +  7H20  +  S3. 

Chromium  having  been  found  in  a  solution,  its  condition  as 
chromate  may  be  ascertained  by  applying  to  the  original 
solution  salts  of  barium,  mercury,  lead,  and  silver.  (See  the 
various  paragraphs  relating  to  those  metals.) 

Ba2N03  gives  yellow  BaCrO+  with  chromates. 

HgN03       „    red  Hg2Cr04 

AgNO-3       „    red      Ag2Cr04  „ 

AgN03       „    red      Ag2Cr04,  Cr03  with  bichromates. 

Pb2C2H302  „    yellow  PbCr04,  with  both. 

Nitrate  of  barium  does  not  completely  precipitate  bichro- 
mates, bichromate  of  barium  being  soluble  in  water ;  the 
chromate  of  barium  is  insoluble  in  water  or  acetic  acid,  but 
soluble  in  hydrochloric  or  nitric  acid.  Mercurous  nitrate 
does  not  wholly  precipitate  bichromates  :  mercuric  nitrate 
or  chloride  only  partially  precipitates  chromates,  and  does 
not  precipitate  bichromates.  The  mercurous  chromate  is 
insoluble,  or  nearly  so,  in  diluted  nitric  acid.  The  silver 
chromates  are  soluble  in  acids  and  alkalies.  Acetate  of  lead 
precipitates  chromates  and  bichromates,  acetic  acid  being  set 
free  in  the  latter  case. 

A  delicate  reaction  for  dry  chromates  will  be  found  in  the 
formation  of  chlorochromic  anhydride  (Cr02Cl2).    A  small 
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portion  of  the  chromate  is  placed  in  a  test-tube  with  a  frag- 
ment of  dry  chloride  of  sodinm  and  a  drop  or  two  of  sul- 
phuric acid,  and  the  mixture  heated  ;  red  irritating  fumes  at 
chlorochromic  anhydride  are  evolved  and  condense  m  dark 
red  drops  on  the  side  of  the  tube. 

Larger  quantities  are  obtained  by  the  same  reaction  the 
operation  being  conducted  in  a  retort,  with  thoroughly  dry 
Serials  f  or  the  compound  is  decomposed  by  water.   It  may 
bTreearded  as  chromic  anhydride  in  every  molecule  of  which 
atom  of  oxygen  is  displaced  by  an  equivalent  quantity 
Snm*  of  chlorine.    It  is  not  used  in  medicine,  but  is 
V  tb  TcherScal  student  as  being  an  illustrate 
of  T  class  of  similar  hodies- chloro-acidulous  .or  cUoro- 
anhydro compound,   The  reaction  is  also  occasionally  ser- 
viceable for  the  detection  of  chlorides. 

Analytical  Reactions  of  Chromium  Salts  (Tests). 

First  Analytical  Beaction.-To  solution  of  a  salt  of  chro- 
mium (chloride,  sulphate,  or  chrome  alum)  add  sulphydrate 
rimioniuni;  a  bulky  green  precipitate  (chromic  hydrate, 
Cr26HOr  containing  a  large  quantity  of  water  (7  molecules, 
7H20),  is  precipitated. 

Cr2Cl6  +  6NH4HS  +  6H20  =  Cr26HO  +  6NH4C1  +  6H2S. 
Second  Analytical  Beaction.-To  solution  of  a  chroniium 
salt  add  ammonia;  green  chromic  hydrate  is  precipitated, 
insoluble  in  excess. 

Third  Analytical  Bead.im.-1o  solution  of  a  chromium  sa  t 

^CXr,  WeStt  solution;  the  green 
chromic  hydrate  is  reprecipitated, 

lv0%  Chromium,  and  Aluminium  f^^^teS 

EnSIrS6  V^Sito  containing  all  tn.ee 


TIN. 


277 


metals,  therefore,  add  potash  or  soda,  stir,  and  filter;  the 
iron  is  thrown  out ;  boil  the  filtrate,  and  filter  ;  the  chromium 
is  thrown  out :  neutralize  the  latter  filtrate  by  acid,  and  then 
add  ammonia ;  the  aluminium  is  thrown  out.  Note,  however, 
that  ferric  hydrate  will  prevent  hydrate  of  chromium  being 
dissolved  by  potash  or  soda  if  the  ferric  hydrate  is  in  con- 
siderable excess.  Before  concluding  that  chromium  is 
entirely  absent,  the  fourth  reaction  should  be  performed. 
The  hydrates  of  iron,  chromium,  and  aluminium  are  insoluble 
in  ammonia,  and  may  therefore  easily  be  separated  from  the 
hydrates  of  the  somewhat  analogous  metals,  zinc,  cobalt, 
nickel,  and  manganese. 

Fourth  Analytical  Reaction— AM  a  salt  of  chromium 
(either  of  the  above  precipitates  of  chromic  hydrate  or  the 
dry  residue  of  the  evaporation  of  a  few  drops  of  a  solution 
of  a  chromium  salt)  to  a  few  grains  of  nitre  and  carbonate 
of  sodium  on  platinum  foil,  and  fuse  the  mixture  in  the  blow- 
pipe-flame ;  a  yellow  mass  (chromate  of  potassium  and  sodium, 
KNaCr04)  is  formed.  Dissolve  the  mass  in  water,  add  acetic 
acid  to  decompose  excess  of  carbonate,  and  apply  the  reagents 
for  chromates.  This  is  a  delicate  and  useful  reaction  if  care- 
fully performed. 

TIN. 

Symbol,  Sn.    Atomic  weight,  118. 

Source. — The  chief  ore  of  tin  is  stannic  oxide  (Sn02),  oc- 
curring in  veins  under  the  \  name  of  tinstone,  or  in  alluvial 
deposits  as  stream-tin.  The  oldest  mines  are  those  of  Corn- 
wall.   Much  tin  is  now  imported  from  Australia. 

Preparation. — The  metal  is  obtained  by  reducing  the  roasted 
and  washed  ore  by  charcoal  or  anthracite  *  coal  at  a  high 
temperature,  and  is  purified  by  slowly  heating,  when  the 
pure  tin,  fusing  first,  is  run  off,  a  somewhat  less  fusible  alloy 
of  tin,  with  small  quantities  of  arsenium,  copper,  iron,  or 

*  Anthracite  (from  &vdpa£,  anthrax,  a  burning  coal),  or  stone  coal, 
differs  from  the  ordinary  bituminous  or  caking  coal  in  containing  less 
volatile  matter,  and,  therefore,  in  burning  without  flame.  It  gives  a 
higher  temperature,  and  from  its  non-caking  properties  is,  in  furnace 
operations,  more  manageable  than  bituminous  coal. 
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lead  remaining.  The  latter  is  known  as  block  tin ;  the  former 
heated  till  brittle  and  then  hammered  or  let  fall  from  a 
height  splits  into  prismatic  fragments  resembling  starch  or 
columnar  basalt,  and  is  named  dropped  or  grain  tin.  (rood 
tin  emits  a  crackling  noise  in  bending,  termed  the  cry  of  tin, 
caused  by  the  friction  of  its  crystalline  particles  on  each 

other.  .  pin 

Uses  —Tin  is  an  important  constituent  of  such  alloys  as 
pewter,  Britannia  metal,  solder,  speculum-metal,  bell-metal, 
gun-metal,  and  bronze.    It  is  very  ductile,  and  may  be  rolled 
into  plates,  or  leaves,  known  as  tinfoil,  varying  from  ^  to 
_i_  of  an  inch  in  thickness.    Common  tin  foil,  however, 
usually  contains  a  large  proportion  of  lead.    The  reflecting 
surface  of  looking-glasses  was,  formerly,  always  an  amalgam 
of  tin  and  mercury,  produced  by  carefully  sliding  a  plate  ot 
glass  over  a  sheet  of  tin  foil  on  which  mercury  had  been 
rubbed  and  then  excess  of  mercury  been  poured- but  pure 
silver,  deposited  from  a  solution,  is  now  largely  employed. 
Pins  are  made  of  brass  wire  on  which  tin  is  deposited    1  in 
plate,  of  which  common  utensils  are  made,  is  iron  alloyed  wit  J 
tin  by  dipping  the  acid-cleansed  sheet  into  vessels  of  melted 
tin  covered  with  melted  chloride  of  zinc  in  the  one  case  and 
oil  in  the  other ;  fluids  which,  by  dissolving  any  trace  of  oxide, 
or  bv  preventing  oxidation,  enable  the  tin  more  completely 
to  alloy  with  the  iron.    Tin  tacks  are  in  reality  tinned  iron 
tacks,  a  tin  nail  would  be  too  soft  to  drive  into  wood,  lin 
mav  be  granulated  by  melting  and  triturating  briskly  m  a 
hot  mortar,  by  shaking  melted  tin  in  a  box  on  th  inner  sides 
of  which  chalk  has  been  rubbed,  or,  m  thin  little  bells  or 
corrugated  fragments  (Granulated  Tin,  B.P.)  by  ™eltnafin 
a  ladle  and,  immediately  it  is  fluid,  pouring  from  the  height 
of  a  few  feet  into  water.    Powdered  tin  has  been  used 
medicinally  as  a  mechanical  irritant  to  promote  expulsion  of 
„•    The  hairs  of  the  pod  of  Khcach  (Hindustani)  m 
Cowhage  (Mucuna  pruriens)  (P.I.)  is  almost  the  only  other 
medicine  (excluding^  diluents  and  dentifrices)  which  acts  in 
such  a  directly  mechanical  manner. 

The  chemical  position  of  tin  among  the  metals  is  close  to 
that  of  arseniunf  and  antimony.  Its  atom  is  quadrivalent 
SrT,  and  bivalent,  Sn".  The  two  classes  of  salts  are  termed 
stannic  and  stannous  respectively. 
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Reactions  having  Synthetical  Interest. 

Chloride  of  Tin.    Stannous  Chloride. 

First  Synthetical  Reaction.— Warm  a  fragment  of  tin  with 
hydrochloric  acid ;  hydrogen  escapes  and  solution  of  stannous 
chloride  (SnCl2,  perhaps  Sn2Cl4)  is  formed.  It  may  be 
retained  for  future  experiments. 

One  ounce  of  tin  dissolved  in  three  fluid  ounces  of  hydro- 
chloric acid  and  one  of  water,  and  the  resulting  solution 
diluted  to  five  fluid  ounces,  constitutes  the  "  Solution  of 
Stannous  Chloride,"  B.P. 

Solid  stannous  chloride.— By  evaporation  of  the  above  solu- 
tion, stannous  chloride  is  obtainable  in  crystals  (SnCL>, 
2H20).  It  is  a  powerful  reducing  agent,  even  a  dilute 
solution  precipitating  gold,  silver,  and  mercury  from  their 
solutions,  converting  ferric  and  cupric  into  _  ferrous  and 
cuprous  salts,  and  partially  deoxidizing  arsenic,  manganic, 
and  chromic  acids.  It  absorbs  oxygen  from  the  air,  and  is 
decomposed  when  added  to  a  large  quantity  of  water  unless 
some  acid  be  present.  It  is  used  as  a  mordant  in  dyeing  and 
calico-printing. 

Perchloride  of  Tin.    Stannic  Chloride. 

Second  Synthetical  Reaction.— Through  a  portion  of  the 
solution  of  the  stannous  chloride  of  the  previous  reaction 
pass  chlorine  gas  solution  of  stannic  chloride  (SnCl4)  is 
formed.  Or  add  hydrochloric  acid  to  the  stannous  solution, 
boil,  and,  in  a  fume-chamber,  slowly  drop  in  nitric  acid  until 
no  more  fumes  are  evolved ;  again  stannic  chloride  results. 
Reserve  the  solutions  for  subsequent  experiments. 

Stannic  Oxide  or  Anhydride  and  Stannates. 

Third  Synthetical  Reaction— Boil  a  fragment  of  tin  with 
nitric  acid,  evaporate  to  dryness,  and  strongly  calcine  the 
residue ;  light  buff-tinted  stannic  anhydride  (Sn02)  is  pro- 
duced. Heat  the  stannic  anhydride  with  excess  of  solid 
caustic  potash  or  soda  ;  stannate  of  the  alkali  metal  (K2Sn03 
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or  Na2Sn03)  results.  Dissolve  the  stannate  in  water,  and  add 
hydrochloric  acid ;  white,  gelatinous  stannic  acid  (H2Sn03) 
is  precipitated.  Stannic  acid  is  also  obtained  on  adding  an 
alkali  to  solution  of  stannic  chloride  ;  it  is  soluble  in  excess 
of  acid  or  alkali. 

The  product  of  the  action  of  nitric  acid  on  tin  is  also  an 
acid,  but,  from  its  insolubility  in  hydrochloric  and  other 
acids,  is  different  from  ordinary  stannic  acid.  It  is  termed 
meta-stannic  acid  (from  perk,  meta,  beyond),  and  its  molecule 
probably  has  a  composition  expressed  by  the  iormula 
H10Sn5O15  (vide  Index,  "Isomerism").  It  is  also  produced 
on  gently  heating  stannic  acid  : — 

5H2Sn03      =  H10Sn5O15 

Stannic  acid.  Metastannic  acid. 

Metastannates  have  the  general  formula  M'2H8Sn50i5. 

Both  acids  yield  buff-coloured  stannic  oxide  or  anhydride 
(Sn02)  when  strongly  heated.  The  latter  is  employed  m 
poshing  plate  under  the  name  of  putty  powder  Stannate 
If  sodium (Na2Sn03,4H20)  is  used  as  a  mordant  by  dyers 
aid  calico-printers  under  the  name  of  tin  prepare-liquor. 

Reactions  having  Analytical,  Interest  (Tests). 
Stannous  or  stannic  saZte.-Heat  any  solid  compound  of  tin 
with  a  mixture  of  cyanide  of  potassium  and  carbonate  ot 
sodium  on  charcoal  by  the  inner  flame  of  the  blowpipe. 
Hard  globules  of  tin  separate,  having,  when  cut  by  a  knite, 
characteristic  brightness  and  whiteness. 

Stannous  Salts. 

First  Analytical  Reaction. -Through  a  diluted  solution  of 
a  stannous  salt  (stannous  chloride,  for  example)  pass  sul- 
phuretted hydrogen  gas  ;  a  brown  precipitate  (stannous  sul- 
phide, SnS)  results.  Pour  off  the  supernatant  liquid,  add 
ammonia  to  the  moist  precipitate  (to  neutralize  acid),  and 
lastly,  yellow  sulphydrate  of  ammonium  solution;  the  pie- 
cipitate  is  dissolved. 

Aqueous  solution  of  sulphydrate  of  ammonium  becomes 
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yellow  when  a  day  or  two  old,  and  then  contains  excess  of 
sulphur,  some  of  that  element  having  become  displaced  by 
oxygen  absorbed  from  the  air ;  hence  in  the  above  reaction 
the  stannous  sulphide  (SnS),  in  dissolving,  becomes  stannic 
sulphide  (SnS2) ;  for  the  latter  is  precipitated  on  decomposing 
the  alkaline  liquid  by  an  acid. 

Second  Analytical  Reaction— To  solution  of  a  stannous 
salt  add  solution  of  potash  or  soda  :  a  white  precipitate  falls 
(stannous  hydrate,  Sn2HO).  Add  excess  of  the  alkali ;  the 
precipitate  dissolves.  Boil  the  solution;  some  of  the  tin  is 
reprecipitated  (as  blackish  stannous  oxide,  SnO).  Ammonia 
gives  a  similar  white  precipitate,  insoluble  in  excess.  The 
alkaline  carbonates  do  the  same,  carbonic  acid  gas  escaping. 

Stannic  Salts. 

Third  Analytical  Reaction.— Through  solution  of  a  stannic 
salt  (stannic  chloride,  for  example)  pass  sulphuretted  hydro- 
gen gas ;  a  yellow  precipitate  results  (stannic  sulphide,  SnS2). 
Pour  off  the  supernatant  liquid,  and  to  the  moist  precipitate 
add  ammonia  (to  neutralize  acid),  and  then  sulphydrate  of 
ammonium ;  the  precipitate  dissolves. 

Note. — In  this  reaction  the  presence  of  much  hydrochloric 
acid  must  be  avoided;  the  formation  of  the  precipitate  is 
also  facilitated  if  the  solution  be  warmed.  Stannic  sulphide, 
like  the  sulphides  of  arsenium  arid  antimony,  dissolves  in  a 
solution  of  alkaline  sulphide  or  sulphydrate,  with  formation 
of  definite  crystallizable  sidphostannates  (M'2SnS3). 

Anhydrous  stannic  sidphide,  prepared  by  sublimation, 
has  a  yellow  or  orange  lustrous  appearance,  and  is  known, 
as  mosaic  gold.     It  was  formerly  used  by  decorators  as 
bronzing-poicder,  but  the  latter  is  now  commonly  powdered 
bronze-leaf. 

Fourth  Analytical  Reaction. — To  solution  of  a  stannic  salt 
add  potash  or  soda ;  a  white  precipitate  appears  (stannic  acid, 
H2Sn03).  Add  excess  of  th9  alkali ;  the  precipitate  dissolves. 
Boil  the  mixture  ;  no  reprecipitation  occurs — a  fact  enabling 
stannic  to  be  distinguished  from  stannous  salts. 
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Ammonia  gives  a  similar  precipitate  slowly  soluble  in 
excess.  The  fixed  alkali-metal  carbonates  do  the  same, 
carbonic  acid  gas  escaping;  after  a  time  the  stannic  salt  is 
again  deposited,  probably  as  stannate  of  the  alkali-metal. 
Carbonate  of  ammonium  and  all  the  bicarbonates  give  a 
precipitate  of  stannic  acid  insoluble  in  excess. 

Antidotes.— hi  cases  of  poisoning  by  tin  salts  (dyers  tin- 
liquor,  e.qX  solution  of  carbonate  of  ammonium  should  be 
given  and  white  of  egg  is  also  said  to  form  an  insoluble 
precipitate.  Vomiting  should  be  induced,  and  the  stomach- 
pump,  or  stomach-siphon,  applied. 

GOLD. 

Symbol,  An.    Atomic  weight,  196-85. 

£OMrce._Gold  occurs  in  the  free  state  in  nature,  occasion- 
ally in  nodules  or  nuggets,  but  commonly  in  a  finer  state  ot 

^^^-^  f-m  sand  crushed  quarts 

or  other  earthy  matter  with  which  it  may  be  associated,  by 
agitation  with  water,  when  the  gold,  from  its  relatively 
^Specific  gravity,  falls  to  the  bottom  of  he  vessels  , 
the  lighter  mineral  matter  running  off  with  the  water 
From  fhis  rich  sand  the  gold  is  dissolved  out  by  mercury,  the 
amalgam  filtered  and  afterwards  distilled,  when  the  mercury 
£C  3  gold  remains.  The  amalgamation  may  be 
fadSSS  by  the  use  of  sodium,  as  already  described  m 
Sngof  silver.    From  even  the  poorest  ores  gold  may  be 

2KOH  Ell ^^ingten-depS+tte2metal  by  lid  of  a  battery 
which  the  anode  or  positive  pole  was  a  l^te  of  gf,  m 
1 840  deposition  taking  place  at  the  cathode  or  negative  pole 
a,t%^pward  or  onward ;  Kara,  kaia,  downward^ 
ados  wav)  The  gold  solution  was  made,  as  now,  fiom  the 
ch  orile  of  gold  and  cyanide  of  potassium,  chloride ,  «d  anro- 

-S£  iStW  glff  T  •  as  a  circulating 
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or  8i  per  cent,  of  copper,  that  of  France,  Germany,  and  the 
United  States  about  ten  per  cent.  Jexcellers1  gold  varies  in 
quality,  every  24  parts  containing  18,  15,  12,  or  9  parts  of 
crold,  the  alloys  being  technically  termed  18,  15, 12,  or  9  carat 
fine,  the  reckoning  being  in  the  old  "  parts  per  24,"  instead 
of  the  more  usual  parts  per  cent.  Articles  made  of  the  better 
qualities  are  usually  stamped  by  authority.  Trinkets  of  in- 
ferior intrinsic  worth  are  commonly  thinly  coated  with  pure 
o-old  by  electro-deposition  or  otherwise.  The  so-called  mystery 
gold  is  an  alloy  of  about  1  part  platinum  and  2  parts  copper 
with  a  little  silver.  It  resists  the  action  of  strong  nitric  acid. 
The  action  of  aqua  regia  and  then  ammonia  reveals  its  cupric 
character.  Gold  leaf  is  nearly  pure  gold  passed  between 
rollers  till  it  is  about  of  an  inch  in  thickness  and  then 
hammered  between  sheets  of  animal  membrane,  termed  gold- 
beaters' skin  and  calf-skin  vellum,  till  it  is  1B0100o  or  -200V0  o 
of  an  inch  in  thickness.  It  may  even  be  hammered  till 
280,000  leaves  would  be  required  to  form  a  pile  an  inch  thick. 

Gold  Coinage— -The  weight  of  gold  is  expressed  in  this 
country  in  ounces  troy  and  decimal  parts  of  an  ounce  ;  and 
the  metal  is  always  taken  to  be  of  standard  fineness  (11  gold 
and  1  alloy),  unless  otherwise  described.  The  degree  of  "  fine- 
ness "  of  gold,  as  ascertained  by  assay,  is  expressed  decimally, 
fine  pure  gold  ("gold  free  from  metallic  impurities,"  B.P.) 
being  taken  as  unity,  or  1*000.  Thus  gold  of  British  standard 
is  said  to  be  0-9166  fine,  of  French  standard  0-900  fine.  The 
legal  weight  of  the  sovereign  is  0-2568  ounce  of  standard  gold, 
or  123-274  grains;  the  weight  coming  from  one  pound  of 
standard  gold  (5,760  grains)  being  coined  into  44|  guineas. 
Gold  coins  are  legal  tender  to  any  amount,  provided  that  the 
weight  of  each  sovereign  does  not  fall  below  122-5  grains,  or 
in  the  case  of  a  half-sovereign  61-125  grains;  these  are  the 
"  least  current  "  weights  of  the  coins. 

Note. — In  analysis  gold  comes  out  among  the  sulphides  of 
metals  precipitated  by  sulphuretted  hydrogen  ;  and  of  those 
sulphides,  it,  like  the  sulphides  of  tin,  antimony,  and 
arsenium,  is  soluble  in  yellow  sulphydrate  of  ammonium 
solution. 

Quantivalence. — Gold  is  trivalent  (Au'")  in  the  auri-  or 
auric  compounds,  univalent  (Au')  in  the  auro-  or  aurous 
salts. 
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Reactions. 

Synthetical  Reaction.— Place  a  fragment  of  gold  (e.g.  gold 
leaf)  in  ten  or  twenty  drops  of  aqua  regia  (a  mixture  of  three 
parts  of  nitric  and  four  or  five  of  hydrochloric  acid),  and 
set  aside  in  a  warm  place ;  solution  of  perchloride  of  gold 
or  auric  chloride  (Au018)  results.    Evaporate  nearly  to  dry- 
ness to  remove  most  of  the  excess  of  acid,  dilute  with  water, 
and  retain  the  solution  for  subsequent  experiments.  Sixty 
grains  of  gold  treated  thus,  and  the  resulting  chloride  dis- 
solved in  five  ounces  of  distilled  water,  constitutes  »  Solution 
of  Perchloride  of  Gold,"  BP.    The  salt  itself  is  very  deli- 
quescent.   A  compound  of  the  chlorides  of  gold  and  sodium, 
in  molecular  proportions,  crystallizes  readily  and  is  more 
stable. 

Au2  +  2HN03  +  6HC1  =  2AuCl3  +  2NO  +  4H20. 
This  reaction  has  analytical  interest  also  ;  for  in  examin- 
ing a  substance  suspected  to  be  or  to  contain  metallic  gold 
solution  would  have  to  be  effected  m  the  above  way  before 
reagento  could  be  applied.    Gold  is  insoluble  in  hydrochloric 
nitric,  and  the  weaker  acids. 

Analytical  Eeactions  (Tests). 
First  Analytical  Reaction. -Through  a  few  drops  of  solu- 
tion of  an  auric  salt  (the  chloride,  AuCl3,  is  the  only  conveni- 
ent one)  pass  sulphuretted  hydrogen  ;  a  brown  P^ate 
results  (auric  sulphide,  Au2S3).  Filter,  wash,  and  add  yellow 
sulphydrate  of  ammonium  solution ;   the   precipitate  dis- 

solves. 

Second  Analytical  Eeaction.-To  solution  of  a  salt  of  gold 
add  a  ferrous  salt,  and  set  the  tube  aside;  metallic  gold, 
having  its  characteristic  lustrous  appearance,  is  preoip^ted, 
a  ferric  salt  remaining  in  solution.  Oxalic  acid,  also,  and 
most  free  metals,  precipitate  the  gold. 

This  is  a  convenient  way  of  preparing  pure 1  gold,  or  fine 
Jd^s  it  is  termed,  or  of  working  up  the  gold  residues  of 


PLATINUM. 


285 


laboratory  operations.  The  precipitate,  after  boiling  with 
hydrochloric  acid,  washing  and  drying,  may  be  obtained  in  a 
button  by  mixing  with  an  equal  weight  of  borax  or  acid 
sulphate  of  potassium  and  fusing  in  a  good  furnace. 

Third  Analytical  Reaction—  Add  a  few  drops  of  dilute 
solutions  of  stannous  and  stannic  chloride  to  a  considerable 
quantity  of  distilled  water ;  pour  the  liquid,  a  small  quantity 
at  a  time,  into  a  very  dilute  solution  of  auric  chloride  (AuCl3), 
well  stirring;  the  mixture  assumes  a  purple  tint,  and  flocks 
of  a  precipitate,  known  as  the  Purple  of  Cassius  (from  the 
name  of  the  discoverer,  M.  Cassius),  are  produced. 

The  same  compound  is  formed  on  immersing  a  piece  of  tin 
foil  in  solution  of  auric  chloride ;  it  is  said  to  be  a  mixture 
of  auric,  aurous,  stannic,  and  stannous  oxides.  It  is  the 
colouring  agent  in  the  finer  varieties  of  ruby  glass. 

PLATINUM. 

Symbol,  Pt.    Atomic  weight,  194-4. 

Source—  Platinum,  like  gold,  occurs  in  nature  in  the  free 
state,  the  chief  sources  of  supply  being  Mexico,  Brazil,  and 
Siberia.    It  is  separated  from  the  soil  by  washing. 

Uses.— The  chief  use  of  platinum  is  in  the  construction  of 
foil,  wire,  crucibles,  spatulas,  capsules,  evaporating-dishes, 
and  stills,  for  the  use  'of  the  chemical  analyst  or  manufac- 
turer.   It  is  tolerably  hard,  fusible  with  very  great  difficulty, 
not  dissolved  by  hydrochloric,  nitric,  or  sulphuric  acid,  and 
only  slightly  affected  by  alkaline  substances.    It  is  attacked 
by  aqua  regia  with  production  of  perchloride  of  platinum  or 
platinic  chloride  (PtCl4,  5H20).    It  forms  fusible  alloys  with 
lead  and  other  metals,  and  with  phosphorus  a  phosphide 
which  easily  melts.    Neither  of  these  substances,  therefore, 
nor  mixtures  which  may  yield  them,  should  be  heated  in 
platinum  vessels.    Hammered  or  chased,  not  drawn,  vessels 
are  the  most  durable.  They  are  best  cleaned  by  aid  of  a  little 
fine  water-worn  (not  "sharp  ")  sea  sand.    They  should  not  be 
very  suddenly  heated  or  very  suddenly  cooled.    They  should 
only  be  heated  by  the  outer  portions  of  flames,  exposure  to 
strongly  heated  carboniferous  or  siliconiferous  surfaces  being 
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avoided,  for  at  high  temperatures  platinum  has  a  tendency  to 
unite  with  carbon  or  silicon. 

The  chemical  position  of  platinum  among  the  elements  is 
close  to  that  of  gold.  Its  atom  is  quadrivalent  (Pt  )  in 
some  compounds,  in  others  apparently  bivalent  (Pt  ).  ine 
higher  salts  are  termed  platinic,  the  lower  platinous. 

The  specific  gravity  of  platinum  is  21-5 ;  and  that  ot 
iridium,  an  allied  metal,  22-4. 

Reactions. 
Perchloride  of  Platinum.    Platinic  Chloride. 

Synthetical  Reaction.-¥lwe  a  fragment  of  platinum  in  a 
little  aqua  regia,  and  set  the  vessel  aside  in  a  warm  place 
adding  more  acid  from  time  to  time  if  necessary  ;  solution  ot 
perchloride  of  platinum  (PtCl4)  results.    Evaporate  the  solu- 
tion to  remove  excess  of  acid,  and  complete  the  desiccation 
over  a  water-bath.    Dissolve  the  residue  in  water,  and  retain 
the  solution  for  subsequent  experiments,  and  as  a  reagent  tor 
the  precipitation  of  salts  either  of  potassium  or  ammonium. 
A  quarter  of  an  ounce  of  platinum  treated  m  this  manner, 
and  the  resulting  chloride  dissolved  in  five  ounces  of  water, 
forms  "  Solution  of  Perchloride  of  Platinum,  13.P. 

This  reaction  has  analytical  interest;  for,  in  testing  a 
substance  suspected  to  contain  metallic  platinum,  solution 
would  have  to  be  thus  effected  before  reagents  could  be 
applied. 

Analytical  Reactions  (Tests). 
First  Analytical  Reaction.-Thvough  a  few  drops  of  a  solu- 
tion of  a  platinic  salt  (PtCl4  is  the  only  convenient  one)  to 
which  an  equal  quantity  of  solution  of  chloride  of  sodium  has 
been  added,  pass  sulphuretted  hydrogen  ;  a  dark-brown  p e- 
cipitate  results  (platinic  sulphide,  PtS2).  _  Filter,  wash,  and 
add  sulphydrate  of  ammonium  ;  the  precipitate  dissolves. 

If  chloride  of  sodium  be  not  present  in  the  above  reaction 
the  predpitated  sulphide  will  contain  platinous  chloride,  and 
may  detonate  if  heated. 
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Second  Analytical  Reaction.— Add  excess  of  carbonate  of 
sodium  and  some  sugar  to  solution  of  perchloride  of  platinum, 
and  boil ;  a  black  precipitate  (metallic  platinum)  falls. 

Platinum  black  (B.P.)  is  the  name  of  this  precipitate.  It 
possesses  in  a  high  degree  a  quality  common  to  many  sub- 
stances, but  largely  possessed  by  platinum,  namely,  that  of 
absorbing  or  occluding  gases.  In  its  ordinary  state,  after 
well  washing  and  drying,  it  absorbs  from  the  air  and  retains 
many  times  its  bulk  of  oxygen.  A  drop  of  ether  or  alcohol 
placed  on  it  is  rapidly  oxidized,  the  platinum  becoming  hot. 
This  action  may  be  prettily  shown  by  pouring  a  few  drops  of 
ether  into  a  beaker  (one  having  portions  of  the  top  and  sides 
broken  off  answers  best),  loosely  covering  the  vessel  with  a 
card,  and  suspending  within  the  beaker  a  platinum  wire,  one 
end  being  attached  to  the  card  by  passing  through  its  centre, 
the  other  terminating  in  a  short  coil  or  helix  near  the  surface 
of  the  ether  :  on  now  warming  the  helix  in  a  flame  and  then 
rapidly  introducing  it  into  the  beaker,  it  will  become  red-hot 
and  continue  to  glow.  In  this  experiment  partial  combus- 
tion goes  on  between  the  ether  vapour  and  the  concentrated 
oxygen  of  the  air,  the  products  of  the  oxidation  revealing 
themselves  by  their  odour. 

Third  Analytical  Reaction  .—To  solution  of  perchloride  of 
platinum  add  solution  of  chloride  of  ammonium;  a  yellow 
granidar  precipitate  (the  double  chloride,  PtCl4, 2NH4C1) 
falls.  When  slowly  formed  in  dilute  solutions,  the  precipi- 
tate is  obtained  in  minute  orange  prisms. 

Chloride  of  potassium  (KC1)  gives  a  similar  precipitate 
(PtCl.„  2KC1).  Platinic  chloride  having  been  stated  to  be  a 
test  for  potassium  and  ammonium  salts,  the  reader  is  prepared 
to  find  that  potassium  and  ammonium  salts  are  tests  for 
platinic  salts.  The  double  sodium  compound  (PtCl4,2NaCl) 
is  soluble  in  water. 

Collect  the  precipitate,  dry,  and  heat  in  a  small  crucible  ; 
it  is  decomposed,  and  metal,  in  a  finely  divided  grey  state 
{spongy  platinum),  remains. 


3  (PtCl4,  2NH4C1)  =  Pt8  +  2NH4-C1  +  16HC1  +  2N2. 
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Heat  decomposes  the  salt  of  potassium  into  Pt  +  2KCH-Cl4, 
the  chlorine  escaping  and  the  chloride  of  potassium  remain- 
ing with  the  platinum. 

In  loorkinq  up  the  platinum  residues  of  laboratory  opera- 
tions, the  mixture  should  be  dried,  burnt,  boiled  successively 
with  hydrochloric  acid,  water,  nitric  acid,  water,  then  dissolved 
in  aqua  regia,  excess  of  acid  removed  by  evaporation  chloride 
of  ammonium  added,  the  precipitate  washed  with  water 
dried,  ignited,  and  the  resulting  spongy  platinum  retained 
or  converted  into  perchloride  for  use  as  a  reagent  for  alkah- 
metals.    It  is  by  such  processes  that  the  native  P**™"" 
treated  to  free  it  from  the  rare  metals  palladium,  rhodium, 
SiSi^theaiiun,  and  iridium.    The  spongy  platinum  is 
converted  into  the  massive  condition  by  a  refinement  on  the 
blacksmith's  process  of  icelding  (German  weUen,  to  join) ;  01 
by  fusing  in  a  flame  of  pure  oxygen  and  hydrogen  gases- 
the  oxyhydrogen  blowpipe. 

Occlusion  by  spongy  platinum.-^!  P^um 
nower  of  occlusion.  A  small  piece  held  m  a  jet  of  hydiogen 
Sules  ignition  of  the  gas,  owing  to  the  close  approximation  of 
TarS  of  oxygen  (from  the  air)  and  hydrogen.  Doberemer  s 
Cp  constructed  on  this  principle-the  apparatus  being 
essentially  a  vessel  in  which  hydrogen  is  generated  by  the 
actkm  of  diluted  sulphuric  acid  on  zinc,  and  a  cage  for  holding 
the  spongy  platinum. 


CADMIUM. 

Symbol,  Cd.    Atomic  weight,  112. 

In  most  of  its  chemical  relations  cadmium  resembles  zinc 
Tn  naCe  it  occurs  chiefly  as  an  occasional  constituent  of  the 
ore  o ^  that 'metal.    In  distilling  zinc  containing  cadmium 

^IpM^iic  is  soluble.    It  is  a  white  malleable  meta!, 

nearly  as  ^  ***ide  -  * 

pi^foi"^  and'the  iodide  in  photography, 
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cadmium  and  its  salts  are  but  little  used.  The  atom  of 
cadmium  is  bivalent  (Cd"). 

Reactions. 
Iodide  of  Cadmium. 

Synthetical  Reaction—  Digest  together,  in  a  flask,  metallic 
cadmium,  warm  water,  and  iodine,  until  the  colour  of  the 
iodine  disappears ;  solution  of  iodide  of  cadmium  (Cdl2) 
remains.  Pearly  micaceous  crystals  may  be  obtained  on 
evaporating  the  solution. 

This  salt  is  employed  with  other  iodides  in  iodizing  col- 
lodion for  photographic  use.  It  readily  melts,  and  is  soluble 
in  water  or  spirit,  the  solution  reddening  litmus. 

First  Analytical  Reaction—  Through  solution  of  a  cadmium 
salt  (Cdl2  or  CdCl2)  pass  sulphuretted  hydrogen ;  a  yellow 
precipitate  (sulphide  of  cadmium,  CdS)  falls,  resembling 
in  appearance  arsenious,  arsenic,  and  stannic  sulphides. 
Add  sulphydrate  of  ammonium ;  the  precipitate,  unlike  the 
sulphides  just  mentioned?  does  not  dissolve. 

Sulphides  of  cadmium  and  copper  may  be  separated  by 
solution  of  cyanide  of  potassium,  in  which  sulphide  of  copper 
is  soluble  and  sulphide  of  cadmium  insoluble. 

Second  Analytical  Reaction. — To  a  cadmium  solution  add 
solution  of  potash;  a  white  precipitate  results  (hydrate  of 
cadmium,  Cd2HO),  insoluble  in  excess  of  the  potash. 

Hydrate  of  zinc  (Zn2HO),  precipitated  under  similar  cir- 
cumstances, is  soluble  in  solution  of  potash  ;  the  filtrate  from 
the  hydrate  of  cadmium  may  therefore  be  tested  for  any  zinc 
occurring  as  an  impurity  by  applying  the  appropriate  reagent 
— sulphydrate  of  ammonium. 

Before  the  blowpipe-Jlame,  on  charcoal,  cadmium  salts  give 
a  brown  deposit  (oxide  of  cadmium,  CdO). 


A.c. 
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BISMUTH. 

Symbol,  Bi.    Atomic  weight,  208. 

Source.— Bismuth  occurs  in  the  metallic  state  in  nature. 
It  is  freed  from  adherent  quartz,  etc.,  by  simply  heating, 
when  the  metal  melts,  runs  off,  and  is  collected  in  appro- 
priate vessels  (Bismuthum,  B.P.).  It  is  also  met  with  in 
combination  with  other  elements.  Bismuth  is  greyish  white 
with  a  distinct  pinkish  tinge. 

Purification. — Arsenium  may  be  removed  from  melted 
bismuth  by  a  rod  of  iron,  arsenide  of  iron  rising  to  the  sur- 
face  of  the  mass:  antimony  by  stirring  in  some  oxide  of 
bismuth,  when  oxide  of  antimony  separates.  _  Other  metals 
in  bismuth,  especially  copper,  are  converted  into  sulphides, 
while  bismuth  is  not  affected,  on  fusing  the  crude  metal 
with  about  five  per-  cent,  of  cyanide  of  potassium,  and  two 
per  cent,  of  sulphur,  the  whole  being  well  stirred  for  a 
quarter  of  an  hour  with  a  clay  rod  (stem  of  a  tobacco-pipe). 
On  pouring  off  the  metal  from  the  flux,  and  melting  and 
stirring  it  with  about  five  per  cent,  of  a  mixture  of  the  car- 
bonates of  potassium  and  sodium,  sulphur  and  traces  of 
other  impurities  are  removed,  and  the  metal  is  obtained  pure 
(Bismuthum  Purificatum,  B.¥.).—Tamm. 

Uses  —Beyond  the  employment  of  some  of  its  compounds 
in  medicine,  bismuth  is  but  little  used.  Melted  bismuth 
expands  considerably  on  solidifying,  and  hence  is  valuable 
in  taking  sharp  impressions  of  dies.  It  is  a  constituent  ot 
some  kinds  of  type-metal  and  of  pewter-solder. 

The  position  of  bismuth  among  the  metals  is  close  to  that 
of  arsenium  and  antimony.  Its  atom  is  trivalent  (Bi'")  and, 
rarely,  quinquivalent  (Biv). 

Reactions  having  Synthetical  Interest. 
Nitrate  of  Bismuth. 
First  Synthetical  Reaction.— To  a  few  drops  of  nitric  acid 
and  an  equal  quantity  of  water,  in  a  test-tube,  add  a  little 
powdered  bismuth,  heating  the  mixture  if  necessary  ;  nitric 
oxide  (NO)  escapes,  and  solution  of  nitrate  of  bismuth 
(Bi3N03)  results. 

Bi    +   8HNO,  =  2(Bi3N08)    +    2NO    +  4H20 

Bismuth.      Nitric  acid.      Nitrute  of  bismuth.      Nitric  oxide.  Water. 
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The  solution  evaporated  gives  crystals  (Bi3N03,5H20), 
any  arsenium  which,  the  bismuth  might  contain  remaining 
in  the  mother-liquor. 

To  make  nitrate  of  bismuth  and  other  salts  on  a  larger 
scale,  2  ounces  of  the  metal,  in  small  fragments,  are  gradu- 
ally added  to  a  mixture  of  4  fluid  ounces  of  nitric  acid  and 
3  of  water,  and,  when  effervescence  (due  to  escape  of  nitric 
oxide)  has  ceased,  the  mixture  is  heated  for  ten  minutes, 
poured  off  from  any  insoluble  matter,  evaporated  to  2  fluid 
ounces  to  remove  excess  of  acid,  and  then  either  set  aside 
for  crystals  to  form,  or  poixred  into  half  a  gallon  of  water  to 
form  the  oxynitrate  of  bismuth,  or  into  a  solution  of  6  ounces 
of  carbonate  of  ammonium  in  a  quart  of  water  to  form  the 
oxy carbonate  as  described  in  the  following  reactions. 

The  precipitates  should  be  washed  with  cold  water  and 
dried  at  a  temperature  not  exceeding  150°  F.  Exposed  in 
the  moist  state  to  212°  for  any  length  of  time,  they  undergo 
slight  decomposition. 

Subnitrate  or  Oxynitrate  of  Bismuth. 

Second  Synthetical  Reaction. — Pour  some  of  the  above 
solution  of  nitrate  into  a  considerable  quantity  of  water  ;  de- 
composition occurs,  and  oxynitrate  of  bismuth  (BiON03)  in 
a  hydrous  state  (BiON03,  H20)  (Bismuthi  Subnitras,  B.P.) 
is  precipitated  : — 

Bi3N03    +    H20    =    BiON03    +  2HN03 

Nitrate  of  bismuth.       Water.     Oxynitrate  of  bismuth.     Nitric  acid. 

Filter,  and  test  the  filtrate  for  bismuth  by  adding  excess  of 
carbonate  of  sodium  ;  a  precipitate  shows  that  some  bismuth 
remains  in  solution.  The  following  equation,  therefore, 
probably  more  nearly  represents  the  decomposition  : — 

5(Bi3N03)  +  8H20  =  4(BiON03,H20)  +  Bi3N03;8HN03 

Nitrate  of  Water.  Oxy  nitrate  of  Nitrate  of  bismuth 

bismuth.  bismuth.  •  in  acid. 

Decomposition  of  nitrate  of  bismuth  by  water  is  the  pro- 
cess of  the  British  Pharmacopoeia  for  the  preparation  of 
oxynitrate  or  "  subnitrate  "  of  bismuth  for  use  in  medicine. 
For  this  purpose  the  original  metal  must  contain  no  arse- 
nium. In  manufacturing  the  compound,  therefore,  before 
pouring  the  solution  of  nitrate  into  water,  the  liquid  should 
be  tested  for  arsenium  by  one  of  the  hydrogen  tests ;  if  that 
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element  be  present,  the  solution  must  be  evaporated,  and 
only  the  deposited  crystals  be  used  in  the  preparation  of  the 
oxynitrate.  For  on  pouring  an  arsenical  solution  of  nitrate 
of  bismuth  into  water,  the  arsenium  is  not  wholly  removed 
in  the  supernatant  liquid,  unless  the  oxynitrate  be  redis- 
solved  and  reprecipitated  several  times,  according  to  the 
amount  of  arsenium  present. 

Subnitrate  of  bismuth  is  gradually  decomposed  by  solution 
of  alkaline  carbonates ;  also  by  the  bicarbonates  with  pro- 
duction of  carbonic  acid  gas ;  oxycarbonate  of  bismuth  and 
nitrate  of  the  alkali-metal  being  formed.  It  is  sometimes 
administered  in  the  form  of  a  lozenge  (Trochisci  Bismuthi, 
B.P.). 

Oxysalts  of  Bismuth.— It  will  be  noticed  that  the  formula 
for  subnitrate  of  bismuth  (BiNOJ  does  not  accord  with  that 
of  other  nitrates,  the  characteristic  elements  of  which  are 
N03.  Analogy  would  seem  to  indicate,  however,  that  the 
fourth  atom  of  oxygen  has  different  functions  to  the  three  in 
the  N03;  for  on  pouring  solution  of  chloride  of  bismuth 
(BiCl3)  into  water,  oxychloride  is  produced  (BiOCl)  (a  white 
powder  used  as  a  cosmetic,  " pearl-white"  {Blanc  de Perle), 
also  in  enamels  and  in  some  varieties  of  sealing-wax).  The 
bromide  (BiBr3)  and  iodide  (Bil3),  similarly  treated,  yield 
oxybromide  (BiOBr)  and  oxyiodide  (BiOI).  The  subnitrate 
(BiN04)  is,  therefore,  probably  an  analogous  compound,  an 
oxynitrate  (BiON03).  The  sulphate  (Bi23S04)  also  decom- 
poses when  placed  in  water,  giving  what  may  be  termed  an 
oxysulphate,  the  formula  of  which  is  BLO.,S04. 

It  is  difficult  to  prove  whether  or  not  the  water  in  the 
"subnitrate"  or  hydrous  oxynitrate  of  bismuth  (BiON03, 
H^O)  is  an  integral  part  of  the  salt.  If  it  is,  the  compound 
is  simply  the  hydra to-nitrate  (BiN032HO)  of  bismuth. 

Oxide  of  Bismuth. 

Third  Synthetical  Reaction —Boti  subnitrate  of  bismuth 
with  solution  of  soda  for  a  few  minutes  ;  it  -is  converted  into 
yellowish  oxide  of  bismuth  (Bi203)  (Bismuthi  Oxidum,  B.P.). 
2BiON0.5   +   2NaHO    =    Bi203    +    2NaN03    +  H.,0 

Oxynitrate  of         Hydrate  of  Oxide  of  Nitrate  of  Water, 

bismuth.  sodium.  bismuth.  sodium. 

Subcarbonate  or  Oxycarbonate  of  Bismuth. 

Fourth  Synthetical  Reaction— To  solution  of  nitrate  of  bis- 
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muth  add  solution  of  carbonate  of  ammonium ;  a  white  pre- 
cipitate of  hydrous  oxycarbonate  (2Bi202C03,H20)  (Bismuthi 
Carbonas,  B.P.)  falls. 

2(Bi3N03)  +  2N3HnC205  +  H30  =  6NH4N03  +  Bi202C03  +  3C02 

Nitrate  of       " Carbonate "  of  Nitrate  of     Oxycarbonate  Carbonic 

bismuth.  ammonium.  ammonium.     of  bismuth,    acid  gas. 

This  compound  may  be  regarded  as  similar  in  constitution 
to  the  oxysalts  just  described.  In  Bi2C05  one  scarcely  re- 
cognises the  characteristic  elements  of  carbonates  ;  but  con- 
sidering the  preparation  to  be  an  oxycarbonate  (Bi202C03), 
its  relations  to  carbonates  and  oxides  are  evident.  These 
subsalts  may  all  be  viewed  as  normal  bismuth  salts  in  one 
molecule  of  which  an  atom  of  oxygen  displaces  an  equivalent 
proportion  of  other  acidulous  atoms  or  radicals  : — 

Chloride  Bi3Cl  Oxychloride  .  .  BiOCl 

Bromide  Bi3Br  Oxybromide  .  .  BiOBr 

Iodide  Bi3I  Oxyiodide  .    .  .  BiOI 

Nitrate  Bi3N03  Oxynitrate     .  .  BiON03 

Sulphate     ....  Bi23S04  Oxysulphate  .  .  Bi202S04 

Carbonate  (unknown)  Bi23C03  Oxycarbonate  .  Bi202C03 

They  may  be  viewed,  in  short,  as  salts  in  process  of  con- 
version to  oxide  ;  continue  the  substitution  further,  and  each 
yields  oxide  of  bismuth  (Bi203).  They  are  also  regarded  as 
salts  of  a  hypothetical  radical  bismuthyl  (BiO). 

Citrate  of  Bismuth. 

Fifth  Synthetical  Reaction. — To  a  nitric  solution  of  nitrate 
of  bismuth  add  water  with  frequent  shaking  until  a  slight 
cloudiness  of  oxynitrate  remains ;  then  add  solution  of  citrate 
of  sodium ;  warm  and  stir  the  mixture  ;  set  aside  to  cool ; 
collect  on  a  filter,  wash,  and  dry  the  precipitated  citrate  of 
bismuth  (Bismuthi  Citras,  B.P.),  BiC6H507. 

Bi3N03    +    Na3C6H507    =    BiC6H507    +  3NaN03 

Nitrate  of  Citrate  of  Citrate  of  Nitrate  of 

bismuth.  sodium.  bismuth.  sodium. 

Sixth  Synthetical  Reaction. — To  citrate  of  bismuth  rubbed 
to  a  paste  with  a  very  little  water,  add  sufficient  solution  of 
ammonia  to  dissolve  the  citrate.  The  product,  when  of  a 
strength  of  800  grains  of  citrate  in  a  pint,  is  the  official  Solu- 
tion of  Citrate  of  Bismuth  and  Ammonium  (Liquor  Bismuthi 
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et  Ammonii  Citratis,  B.P.),  shortly  termed  Liquor  Bismuthi. 
This  solution,  evaporated  to  the  consistence  of  syrup,  spread 
on  glass,  and  dried  at  100°  F.,  yields  scales  of  the  solid  salt 
{Bismuthi  et  Ammonii  Citras,  B.P.).  In  constitution  it  is 
possibly  ordinary  citrate  of  ammonium,  in  which  three  atoms 
of  hydrogen  are  displaced  by  one  of  bismuth.  (For  similar 
salts,  see  p.  237.) 


nJ|J]c6H50,  nJMc0H6O, 

II:)  1b? 


Citrate  of  hydrogen-ammonium.  Citrate  of  biBmutli-ammonium. 

Reactions  having  Analytical  Interest  (Tests). 

First  Analytical  Reaction. — Through  solution  of  a  bismuth 
salt  (a  slightly  acid  solution  of  nitrate,  for  example)  pass 
sulphuretted  hydrogen  ;  a  black  precipitate  (sulphide  of  bis- 
muth, Bi2S3)  falls.  Add  ammonia  (to  neutralize  acid)  and 
then  sulphydrate  of  ammonium;  the  precipitate,  unlike 
As2S3  and  Sb3S3,  is  insoluble. 

Second  Analytical  Reaction.— Concentrate  almost  any  acid 
solution  of  a  bismuth  salt  and  pour  into  much  water  (con- 
taining chloride  of  sodium) :  a  white  precipitate  results. 

This  reaction  is  characteristic  of  bismuth  salts  :  it  has 
already  been  amply  explained.  The  oxychloride  is  specially 
insoluble,  and  is  distinguished  from  that  of  antimony  by 
being  insoluble  in  solution  of  tartaric  acid. 

Third  Anahjtical  Reaction.— To  a  solution  of  bismuth  salt 
add  an  alkali ;  a  white  precipitate  results  (hydrate  of  bis- 
muth, Bi3HO),  insoluble  in  excess,  and  becoming  yellowish 
on  boiling.  , 

Fourth  Analytical  Reaction. — A  small  quantity  ot  the 
following  reagent,  including  both  supernatant  liquid  and 
precipitated  yellow  scales,  is  transferred  to  a  test-tube,  and 
gradually  heated  till  solution  takes  place.  Any  liquid  con- 
taining, or  supposed  to  contain,  bismuth  is  then  added,  and 
the  whole  allowed  to  cool.    The  separated  scales  will  show 
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a  distinct  change  in  colour  from  the  original  yellow  to  dark 
orange  or  crimson,  according  to  the  quantity  of  bismuth 
present. 

The  reagent  may  be  prepared  by  adding  to  a  boiling  solu- 
tion of  acetate  of  lead,  containing  about  |  gr.  to  the  ounce, 
a  few  drops  of  acetic  acid,  and  solution  of  iodide  of  potassium 
in  considerable  excess.  On  cooling,  iodide  of  lead  is  de- 
posited in  the  characteristic  yellow  crystalline  plates  or 
scales. 

Test  for  phosphate  of  calcium  in  bismuth  salts. — Dissolve 
the  powder  in  nitric  acid,  add  about  twice  its  weight  of 
citric  acid  and  sufficient  ammonia  to  give  decided  alkalinity  ; 
then  boil,  keeping  the  mixture  faintly  alkaline  with  ammonia, 
bismuth  remains  in  solution,  and  phosphate  of  calcium  is 
precipitated. 

Official  Tests  for  other  impurities  in  bismuth  or  its  salts. — 
Dissolve  in  nitric  acid ;  concentrate  and  set  aside  for  crystals 
of  nitrate  of  bismuth  to  form;  pour  off  the  mother-liquor, 
which  will  contain  any  impurities  in  a  concentrated  form. 
If  this  mother-liquor  be  evaporated  with  hydrochloric  acid 
until  all  the  nitric  acid  is  dissipated,  a  little  of  the  product 
yields  no  evidence  of  arsenium  on  being  examined  by  the 
hydrogen  test,  commonly  known  as  Marsh's  test ;  no  blue 
coloration  on  adding  water  and  excess  of  ammonia  (copper), 
and  no  precipitate  on  filtering  and  saturating  the  ammoniacal 
filtrate  with  nitric  acid  (silver) ;  no  white  precipitate  with 
diluted  sulphuric  acid  (lead) ;  no  red  or  black  precipitate 
with  sulphite  of  sodium  (tellurium  or  selenium) ;  and  no 
blue  precipitate  with  ferrocyanide  of  potassium  (iron). 


THE  READER  IS  AGAIN  ADVISED  TO  TRACE  OUT  THE  EXACT 
NATURE  OF  EACH  OF  THE  FOREGOING  REACTIONS,  CHIEFLY 
BY  AID  OF  EQUATIONS  OR  DIAGRAMS, 


QUESTIONS  AND  EXERCISES, 

Enumerate  the  fifteen  metals,  salts  of  which  are  frequently  employed 
W  pharmacy.— Mention  the  twelve  rarer  metals  interesting  to  pharma- 
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cists. — Name  the  sources  and  official  compounds  of  lithium.— Explain 
the  formation  of  citrate  of  lithium.— What  is  the  strength  of  Liquor 
LithicB  Effervescens  ?— On  what  chemical  hypothesis  are  lithium  com- 
pounds administered  to  gouty  patients?— Describe  the  relation  of  lithium 
to  other  metals.— What  is  the  chief  test  for  lithium  '—Write  a  paragraph 
on  strontium,  its  natural  compounds,  chemical  relations,  technical  appli- 
cations, and  tests.— What  are  the  formula  and  properties  of  oxalate  of 
cerium  ?— Name  the  commonest  ore  of  manganese  ;  and  give  an  equa- 
tion descriptive  of  its  reaction  with  hydrochloric  acid.— Explain  the 
formation  of  permanganate  of  potassium,  employing  diagrams  or  equa- 
tions.—How  do  the  manganates  of  potassium  act  as  disinfectants?— 
What  are  the  chief  tests  for  manganese  ?— What  are  the  chief  uses  of  the 
compounds  of  cobalt?— How  is  cobalt  analytically  distinguished  from 
nickel  ?— Mention  applications  of  nickel  in  the  arts.— What  is  the  general 
colour  of  nickel  salts?— State  the  method  of  preparation  of  red  chromate 
of  potassium.— Give  the  formula;  of  red  and  yellow  chromates  of  potas- 
sium.—How  is  red  chromate  of  potassium  obtained  ?— Describe  the  action 
of  sulphuretted  hydrogen  on  acidified  solutions  of  chromates.—  What  is 
the  formula  of  chrome  alum  ?— Mention  the  chief  tests  for  the  chromic 
radical,  and  for  chromium.— How  would  you  detect  iron,  chromium, 
and  aluminium,  in  a  solution  ?— Define  tinstone,  stream-tin,  block-tin, 
grain-tin,  tin  plate.— Describe  the  position  occupied  by  tin  m  relation 
to  other  metals.—  What  is  the  difference  between  stannic  acid  and  meta- 
stannic  acid  ?— State  the  applications  of  tin  in  the  arts.— Mention  the 
chief  tests  for  stannous  and  stannic  salts.— Name  the  best  antidote  in 
cases  of  poisoning  by  tin  solutions.— How  is  gold  dust  separated  from  the 
earthy  matter  with  which  it  is  naturally  associated  ?— How  much  pure 
gold  do  English  coin  and  jewellers'  gold  contain  ?— State  the  average 
thickness  of  gold  leaf.— What  is  the  weight  of  a  sovereign  ?— Explain  the 
term  "  fineness"  as  applied  to  gold.— What  effect  is  produced  on  gold  by 
hydrochloric,  nitric,  and  nitrohydrochloric  acids  respectively  ?— By  what 
reagents  may  metallic  gold  be  precipitated  from  solution?— How  is 
"purple  of  Cassius"  prepared?— Whence  is  platinum  obtained /—Wliy 
are  platinum  utensils  peculiarly  adapted  for  use  in  chemical  laboratories? 
How  is  perchloride  of  platinum  prepared  ?— Name  the  chief  tests  for 
platinum?— What  is  »  platinum  black  "  ?— Describe  an  experiment  de- 
monstrative of  the  large  amount  of  attraction  for  gases  possessed  by 
metallic  platinum.— How  is  "  spongy  platinum  "  produced?— By  what 
process  may  platinum  be  recovered  from  residues  ?- What  is  occlusion  m 
Chemistry?— In  what  condition  does  cadmium  occur  in  Nature?— By 
what  process  may  iodide  of  cadmium  be  prepared  ?-Mention  the  chief 
test  for  cadmium.-Distinguish  sulphide  of  cadmium  from  sulphides  of 
similar  colour.-How  is  cadmium  separated  from  zinc  ?-How  does  bis- 
muth occur  in  Nature  ?-What  is  the  quantivalence  of  bismuth  ?-Y>  i  te 
down  equations  descriptive  of  the  action  of  nitric  acid  on  bismuth,  and 
water  on  nitrate  of  bismuth.-How  may  arsen.um  be  excluded  from  b.s- 
muth  salts  ?-Give  a  diagram  of  the  official  process  for  carbonate  of 
bismuth.-Write  formula  showing  the  accordance  m  molecular  consti- 
tution of  the  official  subnitrate  and  carbonate  with  the  other  saUsof 
bismuth,  and  with  ordinary  nitrates  and  carbonates.— How  if •  ^'or 
BuZSk  et  Ammonii  Citral  prepared ?-Mention  the  tests  for  bismuth, 
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The  Analytical  Classification  of  Metals. 
Practical  Analysis. 

Bismuth  is  the  last  of  the  metals  whose  synthetical  or 
•analytical  relations  are  of  general  interest.  The  position  of 
the  rarer  among  the  common  metals,  and  the  influence  which 
•  either  has  on  the  other  during  the  manipulations  of  analysis, 
will  now  be  considered.  These  objects  will  be  best  accom- 
plished, and  a  more  intimate  acquaintance  with  all  the 


OUTLINE  OF  THE  ANNEXED  ANALYTICAL  TABLES. 


HC1 


Hg 

(as  mercu- 
rous  salt) 

Pb 

(partially) 


Ag 


H9S 


Cd  \ 

Cu 
Hg 

(as  mer- 
curic salt) 

Pb 

(entirely) 

Bi 


w 
w 


As 

(as  arseni- 
ous  or  arse 
nic  salt) 

Sb 
Sn 

(as  stan- 
nous or 
stannic 
salt) 


Au 
Pt 


NHJES 


Zn 
M  * 
Co 
Ni 
Al 

Fe 

Cr 


(NH4)2C03  <g*fr 


&  . 

So 

<», 

CO  " 

u 

*J 

W 


o  . 

mo 

5§ 

w 


Ba 
Sr 
Ca 


Mg  K 


Na 
NH4 


*  See  p.  268. 

Note -The  laboratory  student  should  practice  the  examination  of 
aqJeous  solutions  of  salts  of  the  above  metals  until  he  h  able  to  anah  Sfl 
with  facility  and  accuracy. 


TABLE  OF  SHORT  DIRECTIONS  FOR  APPLYING  SOME  OF  THE  FOREGOING  ANALYTICAL  REACTIONS  TO  THE  ANALYSIS  OF  AN  AQUEOUS  OR  ONLY  SLIGHTLY  ACID  SOLUTION  OF 

ORDINARY  SALTS  OF  ANT  OF  THE  COMMON  OB  EAREB  METALS  OF  GENERAL  INTEREST. 

Add  hydrochloric  acid. 


Precipitate 
Hg(ous)  Pb  Ag. 

Wa6h,  boil  with  water,  filter. 


Precipitate 
Hg(ous)  Ag. 

Wash,  add  NH.HO 


Ppt. 
Hg. 

(ous). 
Black. 


Filtrate 
-Ag. 

Add  an 
acid. 
White  ppt. 


Filtrate 
Pb. 

Add  H3SO, 
White  ppt, 


Filtrate 

Cd  Cu  Hg(ic)  Pb  Bi  As(ous)(ic)  Sb  Sn(ous)(ic)  Zn  Mn  Co  Ni  Al  Fe(ous)(ic)  Cr  Ba  Ca  Sr  Jig  L  K  Na  NH„. 

Pass  H,S  through  the  liquid,  filter. 


Precipitate 
Cd  Cu  Hg(ic)  Pb  Bi  As  Sb  Sn. 

Collect,  wash,  digest  in  NH,HS,  filter. 


See  also  p.  300. 


Precipitate 
Cd  Cu  Hg(ic)   Pb  Bi. 

Wash,  boil  in  HN03,  filter. 


Ppt. 
Hg. 

(ic) 
Black. 

Confirm 
by  Cu 
test  in 
original 
solution. 


Filtrate 
As  Sb  Sn. 

Add  dilute  HC1,  filter,  drain  well,  add 
strong  HC1,  boil,  dilute  slightly,  filter, 


Filtrate 
Cd  Cu  Pb  Bi. 

Add  NH,HO,  filter. 


Precipitate 
Pb  Bi. 

Wash,  add  a  few 
drops  HNOa,  di- 
lute, filter. 


Ppt. 
Bi. 
White, 


Yellow 


Filt. 
Pb. 
Dilute, 

add 
HaSO,, 
set  aside 
white 
ppt. 

See  also  pp.  300  and  801. 


Filtrate 
Cd  Cu. 


Add 
H,S. 


KCy  and 


Ppt. 
Cd. 


Filt. 
Cu. 

Acidify 
with 
HOsH30  ,j 
Brown 
ppt. 


In  sol. 

As. 

Yellow. 
Confirm 
by  Fleit- 
mann's 
test. 


Filtrate 
Sn  Sb. 

Pour  into  H-apparatus. 


Sn 

remains  on  Zn. 

Dissolve  in 
HC1,  and  apply 
tests. 


Sb 

escapes  as 
SbH3. 

Test  as 
usual. 


Precipitate* 
Fe  Al  Cr. 

Wash,  dry,  fuse  on  foil 
withNa2COa  and  KNO 
boil  in  water,  and  filter. 


Sec  also  p.  300. 

Au  and  Pt  are  specially  sought  when 
necessary. 


Filtrate 

Zn  Mn  Co  Ni  Al  Fe  Cr  Ba  Ca  Sr  Mg  L  K  Na  NH,. 
Add  NH.Cl,  NH.HO,  and  NH,HS,  warm  gently,  and  filter. 


Precipitate 
Zn  Mn  Co  Ni  Al  Fe  Cr. 

Collect,  wash,  dissolve  in  HC1,  with  a  few  drops  of  HNO, 
boil,  add  NH.HO,  stir,  filter. 


Filtrate 

Ba  Ca  Sr  Mg  L  K  Na  NH,. 
Add  (NHJjCO,,  warm,  filter. 


Acidify  with 
H2S,  filter. 


Residue 
Fe303, 
brown. 

Test 
original 
solution' 

for 
ferrous 
or  ferric 

state 


Filtrate 
If   yellow,  Cr 
present. 

Divide  into  two 
parts. 


Sol.  Sol. 
Al.  Cr. 

Add  Add 
NH,C1  HC,H30, 
and      ana  ex- 
warm,    cess  of 
White  AgN03; 
ppt.     red  ppt. 
Or  boil 
with 
H3SO, 
&  spirit. 
Greensol 

See  also  p.  302. 
*  Test  this  also  for  Mn 
by  Cram's  process,  p.  268. 


Sol. 

Mn. 

Add 
NH.HO 

and 
NH.HS. 

Pink, 
turning 
brown. 


Zn 


Filtrate 
Mn  Co 


Ni. 


HC3H30a,  pass 


Search 
also  for 
Mn  in 
the 
Fe  Al  Cr 
ppt, 


Filt. 
Zn. 

Add 
NH,  HS. 
White 
ppt. 


Precipitate 
Zn  Co  Ni. 

loil  with  HC1  and  a  little 
[N03 ;  add  KHO,  filter. 


Precipitate. 
Co  Ni. 

Dissolve  in  HC1 
and  proceed  as 
directed  on  p.272 


Precipitate. 
Ba  Sr  Ca. 

Collect,  wash,  dissolve 
inHCaH3Oa,  add  excess 
of  K2CrO„  filter. 


Ppt. 
Ba. 

Yellow. 


Filtrate 
Sr  Ca. 

Add  dilute  H„SO, 
let  stand,  filter. 


Ppt. 
Sr. 

White 


Filt. 

-Ca. 

Add 
NH,HO 
and 
(NH,)3CaO, 
white 
ppt. 


See  also  page  302. 


Filtrate 
Mg  L   K  Na  NH,, 

Add  (NH,)3HAsO.„  stir,  filter. 


Ppt. 
Mg. 

White 


Filtrate 
L   K  Na  NH,. 

Evaporate  to  small  bulk, 
add  NH.HO. 


Ppt. 
L. 

See 
p.  303. 


Filtrate 
K  Na  NH,. 

Evaporate,  ignite, 
dissolve. 
K  by  PtCl,. 
Na  by  flame, 
NH,  in  original 
solution. 


To  face  p.  298.] 
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metals  be  obtained,  by  analysing,  or  studying  the  methods  of 
analysing,  solutions  containing  one  or  more  metallic  salts. 

Of  the  foregoing  Tables,  the  first  includes  directions  for 
the  analysis  of  an  aqueous  or  only  slightly  acid  solution  con- 
taining but  one  salt  of  any  of  the  metals  hitherto  considered. 
Here  the  colour  of  the  precipitate  or  precipitates  afforded  by 
a  metal  under  given  circumstances  must  largely  be  relied  on 
in  attempting  the  detection  of  the  various  elements. 

The  long  Table  is  intended  as  a  chart  for  the  analysis  of 
solutions  containing  salts  of  more  than  one  of  the  common 
and  rarer  metals.  It  is  a  compilation  from  the  foregoing  re- 
actions—an extension  of  the  scheme  for  the  analysis  of  salts 
of  the  ordinary  metals.  It  often  may  be  altered  or  varied  m 
arrangement  to  suit  the  requirements  of  the  analyst. 

That  on  p.  298  is  a  mere  outline  of  the  other  two  Tables. 
It  gives  the  position  of  the  metals  in  relation  to  each  other, 
and  will  much  aid  the  memory  in  recollecting  that  relation 

The  analysis  of  solutions  containing  only  one  metal  will, 
as  already  stated,  serve  to  impress  the  memory  with  the 
characteristic  tests  for  the  various  metals  and  other  radicals, 
and  familiarize  the  mind  with  chemical  principles.  Medical 
students  and  junior  pharmaceutical  students  seldom  have 
time  to  go  farther  than  this.  More  thorough  analytical 
and  general  chemical  knowledge  is  only  acquired  by  working 
on  such  mixtures  of  bodies  as  are  met  with  in  actual  prac- 
tice, beginning  with  solutions  which  may  contain  any  or  all 
of  the  members  of  a  group  (see  previous  pages),  then  ex- 
amining solutions  containing  more  than  one  group,  and 
finally  analysing  liquids  in  which  are  dissolved  several  salts 
of  any  of  the  common  or  rarer  metals. 

The  Author  cannot  too  strongly  recommend  students 
thoroughly  to  master  the  art  of  analysis,  not  only  on  account 
of  its  direct  value,  but  because  its  practice  enables  the  learner 
rapidly  and  soundly  to  acquire  a  good  knowledge  of  Chemistry, 
and  greatly  to  improve  his  general  mental  faculties. 

General  and  Special  Memoranda  relating  to  the 
preceding  Analytical  Tables. 

General  Memoranda. 
These  charts  are  constructed  for  the  analysis  of  salts  more 

or  less  soluble  in  water.  The  student  has  still  to  learn 

tin\v  substances  insoluble  in  water  are  to  be  brought  into 
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a  state  of  solution ;  but,  once  dissolved,  their  analysis  is 
effected  by  the  same  scheme  as  that  just  given.  The  Tables, 
especially  the  longer,  folded  one,  may  therefore  be  regarded 
as  fairly  representing  the  method  by  which  metallic  con- 
stituents of  chemical  substances  are  separated  from  each 

other  and  recognised.  The  methods  of  isolation  of  the 

complementary  constituent  of  the  salt  (the  reactions  of  non- 
metals  and  acidulous  radicals)  will  form  the  next  object  of 
practical  study. 

The  general  memoranda  given  in  connection  with  the  nrst 
Table  (p.  255)  are  equally  applicable  to  this  extended  second 
Table,  and  should  again  carefully  be  read  through. 

Special  Memoranda. 

The  hydrochloric-acid  precipitate  may  at  first  include  some 
antimony  and  bismuth  as  oxychlorides,  readily  dissolved, 

however,  by  excess  of  acid.  If  either  of  these  elements  be 

present,  the  washings  of  the  precipitate  will  probably  be 
milky ;  in  that  case  add  a  few  drops  of  hydrochloric  acid, 
which  will  clear  the  liquid  and  make  way  for  the  application 
of  the  test  for  lead.  . 

The  sulphuretted-hydrogen  precipitate  may  be  white,  in 
which  case  it  is  nothing  but  sulphur ;  for,  as  already  indi- 
cated, ferric  salts  are  reduced  to  ferrous,  and  chromates  to 
the  lower  salts  of  chromium,  by  sulphuretted  hydrogen,  finely 
divided, -and,  therefore,  whitish  sulphur  being  deposited:— 

2Fe2Cl6  +  2H3S  =  4FeCl2  +  4HC1  +  S2  ; 
4H2Cr04  +  6H2S  +  12HC1  =  2Cr2Cl6  +  16H20  +  3S2. 

But  the  precipitate  may  also  be  coloured ,  or  even  white 
when  only  lead  or  mercury  is  present,  through  an  insuftci- 
encv  of  sulphuretted  hydrogen  having  produced  oxysulplncle 
or  hydrato-sulphide,  etc.  The  gas  should  be  passed  through 
the  liquid  until,  even  after  well  shaking,  the  latter  smells 
strongly  of  sulphuretted  hydrogen.  , 

The  portion  of  the  sulphuretted-hydrogen  precipitate  dis- 
solved by  sulphydrate  of  ammon  ium  may  include  a  trace  ol 
copper,  sulphide  of  copper  being  not  altogether  insoluble  n 
sulphydrate  of  ammonium,-  -On  adding  hydrochloric  acid 
to  the  sulphydrate-of-ammoniun.  solution,  a  white,  p^P^te 
o?  sulphur  only  may  be  precipitated,  the 
ammonium  nearly  always  containing  free  sulphur.  strong 
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hydrochloric  acid  does  not  readily  dissolve  small  quantities 
of  sulphide  of  antimony  out  of  much  sulphide  of  arsenmm  ; 
and,  on  the  other  hand,  the  strong  hydrochloric  acid  takes 
into  solution  a  small  quantity  of  sulphide  of  arsenium  if 
much  sulphide  of  antimony  be  present.  The  precipitates  or 
the  original  solutions  should  therefore  be  examined  by  the 
other  (hydrogen)  tests  for  these  elements  if  doubt  exist  con- 
cerning the  presence  or  absence  of  either.  Tin  remains  in 
the  hydrogen-bottle  in  the  metallic  state,  deposited  as  a 
black  powder  on  the  zinc  used  in  the  experiment.  The  con- 
tents of  the  bottle  are  turned  out  into  a  dish,  ebullition  con- 
tinued until  evolution  of  hydrogen  ceases,  and  the  zinc  is 
taken  up  by  the  excess  of  sulphuric  acid  employed  ;  any  tin 
is  then  filtered  out,  washed,  dissolved  in  a  few  drops  of  hydro- 
chloric acid,  and  the  liquid  tested  for  tin  by  the  usual  re- 
agents. Tin  may  be  detected  in  the  mixed  sulphides  of 

tin.  arsenium,  and  antimony  by  the  blowpipe  reaction  (p. 
280). 

The  portion  of  the  sulphuretted-hydrogen  precipitate  not 
dissolved  by  the  sulplnjdrate  of  ammonium  may  leave  a 
yellow  semi-fused  globule  of  sulphur  on  boiling  with  nitric 
acid.  This  globule  may  be  black,  not  only  from  presence  of 
mercuric  sulphide,  but  also  from  enclosed  particles  of  other 
.sulphides  protected  by  the  sulphur  from  the  action  of  the 
acid.  It  may  also  contain  sulphate  of  lead,  produced  by  the 
action  of  nitric  acid  on  sulphide  of  lead.  In  cases  oi  doubt 
the  mass  must  be  removed  from  the  liquid,  boiled  with  nitric 
acid  till  dissolved,  the  solution  evaporated  to  remove  excess 
of  acid,  and  the  residue  examined ;  but  usually  it  may  be  dis- 
regarded. Before  testing  for  bismuth,  any  considerable 

excess  of  acid  should  be  removed  by  evaporation,  and^  the 
residual  liquid  should  be  freely  diluted.  If  no  precipitate 
(oxynitrate  of  bismuth)  appear,  chloride-of-ammonium  solu- 
tion may  be  added,  oxychloride  of  bismuth  more  readily 
forming  than  even  oxynitrate.  Or  any  nitric  acid  or  sul- 
phuric acid  having  been  neutralized  by  ammonia,  hydro- 
chloric acid  is  added  and  then  iodide  of  potassium ;  a  rich 

orange  colour  results  if  bismuth  be  present.  Bismuth  may 

also  be  detected  in  the  mixed  precipitated  hydrates  of 
bismuth  and  lead,  obtained  in  the  ordinary  course  of  analysis, 
by  dissolving  a  portion  of  the  precipitate  in  acetic  acid,  and 
adding  the  liquid  to  the  hot  iodide  of  lead  solution  men- 
tioned in  the  reactions  for  bismuth  (p.  294).  In  testing  for 
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lead  by  sulphuric  acid,  the  liquid  should  be  diluted  and  set 
aside  for  some  time.  > 

Mercury  may  also  be  isolated  by  digesting  the  sulphuretted- 
hydrogen  precipitate  in  sulphydrate  of  sodium  instead  oi 
sulphydrate  of  ammonium.  The  sulphides  of  arsenium,  anti- 
mony, tin,  and  mercury  are  thus  dissolved  out  The  mixture 
is  then  filtered,  excess  of  hydrochloric  acid  added  to  the  ni- 
trate, and  the  precipitated  sulphides  collected  on  a  niter, 
washed,  and  digested  in  sulphydrate  of  ammonium;  sul- 
phide of  mercury  remains  insoluble,  while  the  sulphides  of 
arsenium,  antimony,  and  tin  are  dissolved.  By  this  method 
copper  also  appears  in  its  right  place  only,  sulphide  of  copper 
being  insoluble  in  sulphydrate  of  sodium.  The  other  metals 
are  then  separated  in  the  usual  way. 

The  sulphydrate-of-ammonium  precipitate  ^may,  it  tne 
orio-inal  solution  was  acid,  contain  Phosphates  Oxalates, 
Silicates,  and  Borates  of  Barium,  Calcium,  and  Magnesium 
These  w  11  subsequently  come  out  with  the  iron,  and,  being 
white,  give  the  iron  precipitate  a  light-coloured  appearance  ; 
their  examination  must  be  conducted  separately  by -a method 
described  subsequently  in  connection  with  the 
substances  insoluble  in  water.-— The precipitate ,  con fining 
aluminium,  iron,  and  chromium  hydrates  often  c cjtog 
manganese    This  manganese  maybe  detected  by  washing 
hTh^ates  to  remove"  all  trace  of  ^^^J^ 
nitric  acid  adding  either  puce-coloured  oxide  of  ead  01  red 
Lad^nd  setting  the  vessel  aside if  "W^F^ 
a  red  or  purple  liquid  is  produced.-—- "jW  ;s 
not  easily  removed  by  filtration  (vide  p.  271)  until  most  oi 
the  excess  of  sulphydrate  of  ammonium  has  been  dissipated 

by^S^^0tt^V,-^^  may  not  contain 
the  whole  of  the  barium,  strontium,  and  calcium  in ^the  mix 
ture7unless  free  ammonia  be  present;  for  the^ carbonate  of 
those  metals  are  soluble  in  water  charged  with  caibonic ,  acid 
Tf  therefore  the  liquid  is  not  distinctly  ammomacal,  solution 
of'  «Ta%lould\e  added.— -Neither  carbonate  nor  hy- 
drate of  ammonium  wholly  precipitates  magnesian  salts ,  ana 
as  part  al  precipitation  is  undesirable,  a  sol, J^^J^ 
r f  nn  alkaline  salt  (chloride  of  ammonium),  if  not  alieaa >  n« 

to  the  acetic  solution  diluted  sulphuuc  acia. 
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unless  extremely  dilute,  may  precipitate  calcium.  Auy  such 
loss  of  calcium  is  in  itself  of  little  consequence,  because 
enough  sulphate  of  calcium  remains  in  the  filtrate  to  afford  a 
calcium  reaction  when  ammonia  and  oxalate  of  ammonium 
are  subsequently  added.  But  the  calcium  precipitated  by 
the  sulphuric  acid  may  be  wrongly  set  down  as  strontium. 
Therefore  test  a  little  of  the  acetic  solution  for  strontium  by 
an  aqueous  solution  of  sulphate  of  calcium,  when,  if  no  pre- 
cipitate falls  after  setting  aside  for  several  minutes,  strontium 
may  be  regarded  as  absent.  If  a  precipitate  occurs,  stron- 
tium is  present :  the  rest  of  the  acetic  solution  is  then  tested 
for  calcium  as  directed  in  the  chart,  the  final  testing  by 
oxalate  of  ammonium  being,  of  course,  preceded  by  the 
addition  of  ammonia.  Barium  may  be  overlooked  if  oxi- 
dation happens  to  have  converted  any  sulphur  into  sulphuric 
.  acid. 

Lithium.— The  search  for  lithium  may  usually  be  omitted. 
Should  a  precipitate,  supposed  to  be  due  to  lithium,  be  ob- 
tained, it  must  be  tested  in  a  flame  ( =  scarlet  tint),  as  a  little 
magnesium  not  infrequently  shows  itself  under  similar  cir- 
i  cumstances. 

Spectral  Analysis. — If  present  only  in  minute  proportions, 
the  lithium  may  also  remain  with  the  alkalies  ;  it  can  then 
only  be  detected  by  physical  analysis  (by  a  prism)  of  the 
light  emitted  from  a  tinged  flame — by,  in  short,  an  instru- 
ment termed  a  spectroscope.  Such  a  method  of  examination 
is  called  spectral  analysis,  a  subject  of  much  interest  and  of 

:  no  great  difficulty,  but  scarcely  within  the  range  of  medical 
or  pharmaceutical  students  ;  it  will  be  described  briefly  in 

■  connection  with  the  methods  of  analysing  solid  substances. 


QUESTIONS  AND  EXERCISES. 
Describe  a  general  method  of  analysis  by  which  the  metal  of  a  single 
salt  in  a  solution  could  be  quickly  detected. — Give  illustrations  of  black, 
white,  light-pink,  yellow,  and  orange  sulphides. — Mention  the  group- 
reagents  usually  employed  in  analysis.— Under  what  circumstances  may 
a  hydrochloric  precipitate  contain  antimony  or  bismuth  ? — If  a  sulphur- 
etted-hydrogen precipitate  is  white,  what  substances  are  indicated?— 
Crive  processes  for  the  qualitative  analysis  of  liquids  containing  the  fol- 
lowing substances :— a.  Arsenium  and  Cadmium,  b.  Bismuth  and  Anti- 
mony, c.  Ferrous  and  Ferric  salts,  d.  Aluminium,  Iron,  and  Chromium. 
e.  Arsenium,  Antimony,  and  Tin.  /.  Lead  and  Strontium,  g.  Iron, 
sodium,  and  Arsenium.  h.  Mercury,  Manganese,  and  Magnesium. 
>■  fmc,  Manganese,  Nickel,  and  Cobalt,  j.  Barium,  Strontium,  and 
Calcium. 
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Introduction. — The  twenty-seven  radicals  which  have  up 
to  this  point  mainly  occupied  atttention  are  (admitting  ammo- 
nium, NH4)  metals;  and  they  have  been  almost  exclusively 
studied  not  in  the  free  state,  but  in  the  condition  in  which 
they  exist  in  salts.   Moreover,  these  metals  have  been  treated 
as  if  they  formed  the  more  important  constituent,  the  stronger 
part,  the  foundation  or  base  of  salts.    Attention  has  been 
continuously  directed  to  the  metallic  or  basylous  side  of  salts. 
And,  indeed,  there  is  still  one  more  basylous  radical  which 
must  be  mentioned,  though  it  is  usually  supposed  to  play 
only  a  subordinate  part  in  medicine — Hydrogen.   Unlike  the 
salts  of  most  metals,  those  of  hydrogen  (the  so-called  acids) 
are  never,  in  medicine  or  the  arts  generally,  professedly  used 
for  the  sake  of  their  hydrogen,  but  always  for  the  other  part 
of  the  salt,  the  acidulous  side.    And  it  is  not  for  their  basy- 
lous radical  that  these  hydrogen  salts  are  now  commended  to 
notice,*  but  in  order  to  study,  under  the  most  favourable  cir- 
cumstances, those  acidulous  groupings  which  have  continu- 
ally presented  themselves  in  operations  on  salts,  but  which 
were  for  the  time  of  secondary  importance.   These  acidulous 
radicals  may  now  be  treated  as  the  primary  object  of  atten- 
tion ;  and  there  is  no  better  way  of  doing  so  than  by  operat- 
ing on  their  compounds  with  hydrogen,  the  relatively  inferior 
medicinal  importance  of  which  element,  as  compared  with 
potassium,  iron,  and  other  basylous  radicals,  will  serve  togive 
the  desired  prominence  to  the  acididous  radicals  in  question. t 

*  It  must  not  be  forgotten  that  the  commonest  salt  of  any  radical 
whatsoever  is  a  salt  of  hydrogen,  the  oxide  of  hydrogen  (H20),  or 
hydrate  of  hydrogen  (HHO),  water.  In  the  reactions  already  performed, 
the  value  of  this  compound  has  been  constantly  recognised,  both  for  its 
hydrogen  and  for  its  oxygen,  but  most  of  all  as  the  vehicle  or  medium  by 
which  nearly  all  other  atoms  are  enabled  to  come  into  that  contact  with 
each  other  without  which  their  existence  would  be  almost  useless ;  for 
some  atoms  are  like  some  animals— out  of  water  they  are  as  inactive  as 
fishes.  It  is  true  that  both  fishes  and  salts  have  usually  to  be  removed 
from  water  to  be  utilized  by  man  ;  but  before  they  can  be  assimilated, 
either  as  food  or  as  medicine,  they  must  again  seek  the  agency  of  water 
—in  becoming  dissolved.   

f  Actually,  it  is  as  difficult  to  determine  the  relative  importance  ot  the 
different  atoms  or  groups  of  atoms  in  a  molecule  as  it  is  of  the  different 
parts  or  members  of  an  animal  or  vegetable,  the  different  units  or  societies 
in  a  community,  the  different  planets  or  solar  systems  of  the  universe  ; 
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Common  Acids. — These  salts  of  hydrogen  (hydrogen  easily 
displaceable,  wholly  or,  in  certain  cases,  in  part,  by  ordinary 
metals)  are  the  common,  sharp,  sour  bodies  termed  acids 
(from  the  Latin  root  acies,  an  edge).  The  following  Table 
includes  the  formulae  and  usual  names  of  the  most  important : 
others  will  be  noticed  subsequently.  A  few  of  those  men- 
tioned are  unstable  or  somewhat  rare ;  in  such  cases  a  com- 
mon metallic  salt  containing  the  acidulous  radical  may  be 
used  for  reactions. 


HC1 

HBr 

HI 

HON 

HN03 

HCnHgOo 


hydrochloric  acid, 
hydrobromic  acid, 
hydriodic  acid, 
hydrocyanic  acid, 
nitric  acid, 
acetic  acid.* 


H0S 

H2SO3 

H0S04 

H2CO3  ? 

H2C204 

H2C4H406 


sulphydric  acid.f 
sulphurous  acid, 
sulphuric  acid, 
carbonic  acid, 
oxalic  acid, 
tartaric  acid. 


H3C6H507  citric  acid.  HgPO.^  phosphoric  acid.  H3B03  boric  acid. 

The  usual  names  are  here  retained  for  these  acids  ;  but  in 
studying  their  chemistry  and  chemical  relations  to  other  salts, 
they  are  usefully  spoken  of  by  such  more  purely  chemical 
names  as  (for  hydrochloric  acid)  chloride  of  hydrogen  or 
hydrogen  chloride,  hydrogen  nitrate,  and  so  on — hydric  or 
hydrogen  sulphate,  dihydric  tartrate,  trihydric  phosphate,  etc. 

A  prominent  point  of  difference  will  at  once  be  noticed  be- 
tween the  basylous  radicals  met  with  up  to  the  present  time 
and  the  acidulous  groupings  included  in  the  above  tabular 
list.  The  former  are  nearly  all  elements,  ammonium  only 
being  a  compound  ;  the  latter  are  mostly  compounds,  chlorine, 
bromine,  iodine,  and  sulphur  being  the  only  elements.  This 
difference  will  not,  however,  be  so  apparent  when  the  chemis- 

nay,  the  different  pieces  or  parts  of  an  engine  or  the  different  pigments 
or  portions  of  a  picture :  Vunion  fait  la  force. 

*  The  hydrogen  on  the  acidulous  side  must  not  he  confounded  with  the 
basylous  hydrogen  in  all  these  hydrogen  salts  or  acids  ;  the  two  perform 
different  functions.  Hydrogen  in  the  acidulous  portion  is  like  the  hydro- 
gen in  the  basylous  radical  ammonium  ;  it  has  combined  with  other 
atoms,  to  form  a  group  which  plays  more  or  less  the  part  of  an  elemen- 
tary radical.  Cobalt,  chromium,  iron,  platinum,  etc.,  resemble  hydrogen 
in  this  respect  in  often  uniting  with  other  atoms  to  form  definite  acidu- 
lous radicals  in  which  the  usual  basylous  character  of  the  metals  has  for 
the  time  disappeared.  In  hydrides  (p.  136)  hydrogen  itself  is  an  acidulous 
radical. 

t  Synonyms:  hydrosulphuric  acid  and  sulphuretted  hydrogen. 
A.C.  y 
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try  of  alcohols,  ethers,  and  such  bodies,  has  been  mastered  ; 
for  they  may  be  regarded  as  salts  of  compound  basylous 

radicals.  .  , 

Barer  Acids.— The  above  acids  contain  the  only  acidulous 
groupings  that  commonly  present  themselves  in  analysis  or 
in  pharmaceutical  operations.  There  are,  however,  several 
other  acids  (such  as  hypochlorous,  nitrous,  hypophosphorous, 
valerianic,  benzoic,  gallic,  tannic,  uric,  hyposulphurous, 
hvdroferrocyanic,hydroferricyanic,  lactic,  etc.)  with  which  it 
is  desirable  to  be  more  or  less  familiar ;  reactions  concerning 
these  will  therefore  be  described.  Arsenious,  arsenic,  stannic, 
manganic,  and  chromic  acids  have  already  been  treated  of  in 
connexion  with  the  metals  they  contain ;  in  practical  analysis 
these  acids  always  become  sufficiently  altered  for  their  metals 
to  come  out  among  the  basylous  radicals.  ^ 

Quantivalence.-A  glance  at  the  foregoing  table  is  sufc- 
cient  to  show  the  quantivalence  of  the  acidulous  radicals 
there  mentioned.  The  first  six  are  clearly  univalent ;  then 
follow  six  bivalent,  leaving  three  trivalent. 

These  all  combine  with  equivalent  amounts  of  basylous 
radicals  to  form  .various  salts;  hence  they  maybe, termed 
monobasylous,  dibasylous,  and   tribasylous   radicals  The 
adds  themselves  were  formerly  spoken  of  as  monobas  c, 
bibasic,  and  tribasic  respectively,  or  monobasic  and  polybasic 
in  reference  to  the  amount  of  base  (hydrates  or  oxides they 
could  decompose;  but  the  terms  are  no  longer  definite,  and 
hence  but  little  used  in  mineral  chemistry. 
h6Mmotes.-?te  antidotes  in  cases  of  po-omng  by  the 
qtrono-  acids  will  obviously  be  non-corrosive  alkaline  sub 
stances  as  soap  and  water,  magnesia,  and  common  washing 
soda "  or  other  carbonates.    Vinegar,  lemon  juice,  and 
weak -and non-corrosive  acids  would  be  the  appropriate  antx- 

^vS^^Sioal  study  of  the  acidulous  side  of 
sails  wS  occupy  fa*  less  time  than  the  basylous.  Salts  will 
+Viati  be  briefly  examined  as  a  whole. 
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from  compound  to  compound  in  mass  (that  is,  without 
apparent  decomposition) ;  hence  the  assumption  that,  these 
groups  are  radicals.  A  salt  is  probably  a  whole,  having  no 
such  sides  as  those  mentioned. 


QUESTIONS  AND  EXERCISES. 

Mention  the  basylous  radical  of  acids. — Give  illustrations  of  univalent, 
bivalent,  and  trivalent  acidulous  radicals,  or  monobasylous,  dibasylous, 
and  tribasylous  radicals. — What  is  the  difference  between  an  elementary 
and  a  compound  acidulous  radical  ? — Name  the  grounds  on  which  salts 
may  be  assumed  to  contain  basylous  and  acidulous  radicals. 


HYDROCHLORIC  ACID  AND  OTHER  CHLORIDES. 

Formula,  HCl.    Molecular  weight,  *  36-5. 

The  acidulous  radical  of  hydrochloric  acid  and  of  other 
chlorides  is  the  element  chlorine  (CI).  It  occurs  in  nature 
chiefly  as  chloride  of  sodium  (NaCl),  either  solid  under  the 
name  rock-salt,  mines  of  which  are  not  uncommon,  or  in 
solution  in  the  water  of  all  seas.  Common  table-salt  is  more 
or  less  pure  chloride  of  sodium  in  minute  crystals.  Chlorine, 
like  hydrogen,  is  univalent  (CI') ;  its  atomic  weight  is  35'5. 
Its  molecule  is  symbolized  thus,  Cl2. 

Reactions. 

Hydrochloric  Acid. 

First  Synthetical  Reaction.— To  a  few  fragments  of  chloride 
of  sodium  in  a  test-tube  or  a  small  flask  add  about  an  equal 
weight  of  sulphuric  acid;  colourless  and  invisible  gaseous 
hydrochloric  acid  is  evolved,  a  sulphate  of  sodium  remaining. 
Adapt  to  the  mouth  of  the  vessel,  by  a  perforated  cork,  a 
piece  of  glass  tubing  bent  to  a  right  angle,  heat  the  mixture, 
and  convey  the  gas  into  a  small  bottle  containing  a  little 
water;  solution  of  hydrochloric  acid  results. 

NaCl    +    H2SO,    =    HCl    +  NaHS04 

Chloride  of  Sulphuric       Hydrochloric      Acid  sulphate 

sodium.  acid.  acid.  of  sodium. 

*  The  weight  of  a  molecule  is  the  sum  of  the  weights  of  its  atoms. 
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Hydrochloric  acid,— The  product  of  this  operation  is  the 
nearly  colourless  and  very  sour  liquid  commonly  termed 
hydrochloric  acid.  When  of  certain  given  strengths  (esti- 
mated by  volumetric  analysis),  it  forms  Acidum  Hydrochlori- 
de, B.P.,  and  Acidum  Hydrochloricum  Dilutum,B.V '.  The 
former  has  a  specific  gravity  of  116  (11578),  and  contains 
31-8  per  cent,  of  real  acid ;  the  latter,  sp.  gr.  1-052,  with 
10-58  per  cent,  of  the  real  acid,  is  made  by  diluting  8  fluid 
parts  of  the  strong  acid  with  water  until  the  mixture 
measures  26^  fluid  parts.  The  above  process  is  that  of  the 
Pharmacopoeia—larger  vessels  being  employed,  and  the  gas 
being  freed  from  any  trace  of  sulphuric  acid  by  washing. 
Other  chlorides  yield  hydrochloric  acid  when  heated  with 
sulphuric  acid ;  but  chloride  of  sodium  is  always  used  because 
cheap  and  common. 


Fig.  37. 


PREPARATION  OP  HYDROCHLORIC  ACID. 

Common  yellow  hydrochloric  acid  is  a  by-product  in  the 
manufacture  of  carbonate  of  sodium  from_  common  salt  by 
the  process  in  which  chloride  of  sodium  is  first  converted 
into  sulphate,  hydrochloric  acid  being  liberated  This  n 
pure  acid  is  liable  to  contain  iron,  arsenium,  fixed  salts 
sulphuric  acid,  sulphurous  acid,  nitrous   compounds,  and 

CUThe6official  process  for  the  preparation  of  hydrochloric -acid 
is  as  follows :  it  may  be  carried  out  by  the  student  with  about 
one-twelfth  of  the  quantities  mentioned :— ■ 

"  Take  of  chloride  of  sodium,  dried,  48  ounces  sulphuric 
acid  44  fluid  ounces,  water  36  fluid  ounces  distilled  wata  60 
Arid  ounces.    Pour  the  sulphuric  acid  slowly  into  thirty- 
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two  ounces  of  the  water,  and,  when  the  mixture  has  cooled, 
add  it  to  the  chloride  of  sodium  previously  introduced  into  a 
flask  having  the  capacity  of  at  least  one  gallon.  Connect 
the  flask  by  corks  and  a  bent  glass  tube  with  a  three-necked 
wash-bottle,  furnished  with  a  safety-tube,  and  containing  the 
remaining  four  ounces  of  the  water  [or  let  the  flask-tube 
pass  loosely  through  a  wider  tube  fixed  in  the  cork  of  the 
wash-bottle,  as  shown  in  fig.  37] :  then,  applying  heat  to  the 
flask,  conduct  the  disengaged  gas  through  the  wash-bottle 
into  a  second  bottle  containing  the  distilled  water,  by  means 
of  a  bent  tube  dipping  about  half  an  inch  below  the  surface, 
and  let  the  process  be  continued  until  the  product  measures 
sixty-six  ounces,  or  the  liquid  has  acquired  a  specific  gravity 
of  1-16.  The  bottle  containing  the  distilled  water  must  be 
kept  cool  during  the  whole  operation." 

The  modification  of  wash-bottle  shown  in  the  figure  allows 
of  the  easy  insertion  or  removal  of  a  delivery-tube.  The 
wider  tube  there  shown,  or  an  ordinary  tube-funnel,  also  acts 
as  a  safety-tube  by  admitting  the  air  the  moment  there  is  any 
tendency  in  the  water  in  the  receiver  to  be  forced  back  on 
account  of  a  too  rapid  absorption  of  the  gas.  The  time  of 
the  student  will  be  saved  if  hydrochloric  acid  already  in 
stock  be  placed  in  the  wash- bottle  instead  of  water. 

Invisible  gaseous  hydrochloric  acid  forms  visible  greyish- 
white  fumes  on  coming  into  contact  with  air.  This  is  due 
to  combination  with  the  moisture  of  the  air.  The  intense 
greediness  of  hydrochloric  gas  and  water  for  each  other  is 
strikingly  demonstrated  on  opening  a  test-tube  full  of  the 
gas  under  water ;  the  latter  rushes  into  and  instantly  fills 
the  tube.  If  the  water  is  tinged  with  blue  litmus,  the  acid 
character  of  the  gas  is  pi*ettily  shown  at  the  same  time. 
The  test-tube,  which  should  be  perfectly  dry,  may  be  filled 
from  the  delivery-tube  direct ;  for  the  gas  is  somewhat 
heavier  than,  and  therefore  readily  displaces,  air.  The 
mouth  may  be  closed  by  the  thumb  of  the  operator.  At 
low  temperatures  hydrochloric  acid  and  water  form  a  crys- 
talline compound,  HC1,  2H20. 

Note. — The  process,  as  described  in  the  British  Pharma- 
copoeia, includes  the  use  of  as  much  sulphuric  acid  as  is 
necessary  for  the  production  of  acid  sulphate  of  sodium 
(NaHSO,.)  which  remains  in  the  generating  vessel.  A  hot 
solution  of  this  residue,  neutralized  by  carbonate  of  sodium, 
filtered  and  set  aside,  yields  normal  sulphate  (Sodii  Sulphas, 
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B.P.,  the  old  Sulphate  of  Soda),  in  the  form  of  transparent, 
oblique,  efflorescent  prisms  (Na2S04,  10H2O). 

2NaHS04  +  Na2C03  =  2Na2S04  +  H20  +  C02 

Acid  sulphate      Carbonate  of       Sulphate  of        Water.  Carbonic 
of  sodium.  sodium.  sodium.  acid  gas. 


Chlorine. 

Second  Synthetical  Reaction.— To  some  drops  of  hydro- 
chloric acid  (that  is,  the  common  aqueous  solution  of  the 
gas)  add  a  few  grains  of  black  oxide  of  manganese,  and 
warm  the  mixture ;  chlorine,  the  acidulous  radical  of  all 
chlorides,  is  evolved,  and  may  be  recognised  by  its  peculiar 
odour,  or  irritating  effect  on  the  nose  and  air-passages. 

4HC1  +  Mn02  =  Cl2  +  2H20  +  MnCl2. 

Chlorine-water—  This  is  the  process  of  the  British  Phar- 
macopoeia for  the   production  of   chlorine-water  {Liquor 
Chlori,  B.P.),  the  gas  being  first  washed  and  then  passed 
into  water.    One  ounce  of  oxide  to  six  fluid  ounces  of  acid 
diluted  with  two  of  water,  and  the  gas  passed  through  a 
wash-bottle  containing  about  two  ounces  of  water,  yield 
enough  chlorine  to  produce  about   a  pint   and   half  of 
chlorine-water.    (On  this  small  scale,  less  than  _  half  the 
acid  is  utilized  through  incomplete  decomposition  oi  the 
materials  and,  especially,  through  incomplete  absorption  of 
the  chlorine  gas.)    Chlorine  slowly  decomposes  water  with 
production  of  hydrochloric  acid  and  oxygen  gas  ;  hence,  tor 
medicinal  purposes,  the  solution  should  be  freshly  prepared  ; 
it  is  best  preserved  in  a  green-glass  well-stoppered  bottle  in 
a  cool  and  dark  place.    At  common  temperatures  (bU 
if  fresh  and  thoroughly  saturated,  chlorine-water  contains 
more  than  twice  (2-3)  its  bulk  of  chlorine,  or  less  than  1  per 
cent,  (about   075)  by  weight.    Chlorine  passed  into  cold 
water  yields  crystals  of  hydrous  chlorine  (C15H2U),  and 
these,  when  heated  under  pressure,  give  an  upper  layer  ot 
'  chlorine-water  and  a  lower  layer  of  liquid  chlorine. 

Note  -To  obtain  the  chlorine  from  other  chlorides,  sul- 
phuric acid,  as  well  as  black  oxide  of  manganese  ^ must  be 
added.  Hydrochloric  acid  is  first  formed.  The  action 
described  in' the  foregoing  equation  then  goes  on  except  that 
half  instead  of  the  whole  of  the  oxygen  from  the  black 
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oxide  is  employed  for  the  removal  of  the  hydrogen  from  the 
chlorine  of  the  hydrochloric  acid,  the  other  half  being  taken 
up  by  the  hydrogen  of  the  sulphuric  acid.  Thus,  assuming 
common  salt  to  be  the  chloride  used,  the  following  equations 
may  represent  the  supposed  steps  of  the  process  : — 

2NaCl    +    H,S04    =    Na2S04    +  2HC1, 
MnOa     +    H2S04    =    MnS04     +    H20    +  0; 
then  the  2HC1  +0  =    H20         +  01,; 

or  the  whole  may  be  included  in  one  equation. 

2NaCl  +  Mn02  +  2H2S04  =  Na2S04  +  MnS04  +  2H20  +  C12. 

This  reaction  may  occasionally  have  analytical  interest,  a 
very  small  quantity  of  combined  chlorine  being  recognised 
by  its  means.  But  the  following  test  is  nearly  always  ap- 
plicable for  the  detection  of  this  element,  and  leaves  nothing 
to  be  desired  in  point  of  delicacy. 

Analytical  Reactions  (Tests). 

To  a  drop  of  hydrochloric  acid,  or  to  a  dilute  solution  of 
any  other  chloride,  add  solution  of  nitrate  of  silver  ;  a  white 
curdy  precipitate  (chloride  of  silver,  AgCl)  falls.  Pour  off 
the  supernatant  liquid,  add  nitric  acid,  and  boil;  the  pre- 
cipitate does  not  dissolve.  Pour  off  the  acid,  and  add  dilute 
ammonia  ;  the  precipitate  quickly  dissolves.  Neutralize  the 
solution  by  an  acid ;  the  curdy  precipitate  again  appears. 

The  formation  of  this  white  precipitate,  its  appearance, 
insolubility  in  boiling  nitric  acid,  solubility  in  solution  of 
ammonia  or  its  carbonate,  and  reprecipitation  by  an  acid, 
form  abundant  evidence  of  the  presence  of  chlorine.  Its 
occurrence  as  a  chloride  of  a  metal  is  determined  by  testing 
for  the  metal  with  the  appropriate  reagents ;  its  occurrence 
as  hydrochloric  acid  is  considered  to  be  indicated  by  the 
odour,  if  strong,  and  the  sour  taste,  if  weak,  of  the  liquid, 
and  the  action  of  the  liquid  on  blue  litmus-paper,  which,  like 
other  acids,  it  reddens.  If  hydrochloric  acid  be  present  in 
excessive  quantity,  it  will,  in  addition  to  the  above  reactions, 
give  rise  to  strong  effervescence  on  the  addition  of  a  carbonate, 
a  chloride  being  formed.  The  chlorine  in  insoluble  chlorides, 
such  as  calomel,  "  white  precipitate,"  etc.,  may  be  detected 
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by  boiling  with  alkali,  filtering,  acidulating  the  filtrate  by 
nitric  acid,  and  then  adding  the  nitrate  of  silver. 

Antidotes. — In  cases  of  poisoning  by  strong  hydrochloric 
acid,  solution  of  carbonate  of  sodium  (common  washing- 
soda)  or  a  mixture  of  magnesia  and  water,  may  be  admin- 
istered as  an  antidote. 


QUESTIONS  AND  EXEECISES. 

The  official  Hydrochloric  Acid  contains  31-8  per  cent,  by  weight  of 
gas,  and  its  specific  gravity  is  1-16;  work  out  a  sum  showing  what 
volume  of  it  will  be  required,  theoretically,  to  mix  with  black  oxide 
of  manganese  for  the  production  of  one  gallon  of  chlorine-water,  one 
fluid  ounce  of  which  contains  2-66  grains  of  chlorine.  Am.,  5%  &.  ozs. 
nearly  (5-4).— Why  does  hydrochloric  acid  gas  give  visible  fumes  on 
coming  into  contact  with  air?— How  much  chloride  of  sodium  will  be 
required  to  furnish  one  pound  of  chlorine  ?— Give  the  analytical  re- 
actions of  chlorides.— What  antidotes  may  be  administered  in  cases  of 
poisoning  by  hydrochloric  acid  ? 


HYDROBROMIC  ACID  AND  OTHER  BROMIDES. 

Formula  of  Hydrobromic  Acid,  HBr.    Molecular  weight,  81. 

Bromine:  Source,  Preparation,  and  Properties— The 
acidulous  radical  of  hydrobromic  acid  and  other  bromides  is 
the  element  bromine,  Br  (Bromitm,  B.P.).  It  occurs  in  nature 
chiefly  as  bromide  of  magnesium  (MgBr„)  in  sea-water  and 
certain  saline  springs,  and  is  commonly  prepared  from  the 
bittern,  or  residual  liquors  of  salt  works.  It  may  be  liberated 
from  its  compounds  by  the  process  for  chlorine  from  chlorides 
—that  is,  by  heating  with  black  oxide  of  manganese  and 
sulphuric  acid  (see  note  on  page  310).  It  is  a  dark-red  volatile 
liquid,  emitting  an  odour  more  irritating,  if  possible,  than 
chlorine— of  specific  gravity  2-97  to  314 ;  boiling  point,  135- 
145°  F. 

Quantivalence— The  atom  of  bromine,  like  that  of  chlorine, 
is  univalent  (Br').  The  atomic  weight  of  bromine  is  80. 
Free  bromine  has  the  molecular  formula  Br.3. 

Hydrobromic  Acid.— The  bromide  of  hydrogen,  hydro- 
bromic acid,  may  be  made  by  decomposing  bromide  of  phos- 
phorus by  water-PBr8  +  4H30  =  5HBr  +  H3P04.  A  small 
quantity  is  prepared  by  placing  seven  or  eight  drops  ot 
bromine  at  the  bottom  of  a  test-tube,  putting  m  fragments 
of  glass  to  the  height  of  about  an  inch  or  two,  then  ten  or 
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eleven  grains  of  phosphorus,  then  another  inch  of  glass, 
|.iand  finally  a  couple  of  inches  of  glass  fragments  slightly 
iMwetted  with  water,  a  delivery-tube  being  fitted  by  a  cork. 
IThe  phosphorus  combines  readily,  almost  violently,  with_  the 

bromine  as  soon  as  the  vapour  of  the  latter,  aided  by  a  little 

•warmth  from  a  flame,  rises  to  the  region  of  the  phosphorus. 
IThe  bromide  of  phosphorus  thus  formed  then  suffers  de- 
io  composition  by  the  water  of  the  moist  glass,  phosphoric  and 
,-jphosphorous  acids  being  produced.  The  hydrobromic  acid 
,:gas  passes  over  (heat  being  applied  in  the  after  part  of  the 

operation)  and  may  be  condensed  in  water  or  in  solution  of 
a  ammonia.   The  latter  solution  on  evaporation  yields  bromide 

of  ammonium. 


Fig.  38. 


PREPARATION  OF  HYDROBROMIC  ACIJ1. 

Acidum  Hydrobromicum  Dilutum,  B.P. — Pass  sulphur- 
betted  hydrogen  gas  through  bromine  covered  with  water,  and, 
i  when  all  bromine  has  disappeared,  distil  the  mixture.  The 
•distillate,  when  diluted  until  it  has  a  sp.gr,  of  1-300,  con- 

*  tains  33  per  cent,  of  HBr.  Diluted  until  the  sp.  gr.  is  T077, 
i  it  contains  10  per  cent,  of  HBr,  and  is  then  of  official 
-  strength. 

10  Br2  +  4H2S  +  8H20  =  20HBr  +  2H2S04  +  S2. 

Bromide  of  Potassium  (KBr.)  is  very  largely  employed  in 
i  pharmacy,  and  is  the  salt,  therefore,  which  may  be  used  in 
■  studying  the  reactions  of  this  acidulous  radical.  The  official 
:  method  of  making  the  salt  has  been  alluded  to  under  the 

•  salts  of  potassium  (page  80). 

Other  bromides  are  seldom  used  ;  they  may  be  prepared  in 
the  same  way  as,  and  closely  resemble,  the  corresponding 
chlorides  or  iodides. 
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Bromide  of  Sodium  crystallizes  in  anhydrous  cubes  (NaBr) 
from  solutions  at  110°  F.  or  120°,  and  in  hydrous  prisms 
(NaBr,  2H20)  at  ordinary  temperatures. 

Bromide  of  Ammonium  (NH4Br)  (Ammonii  Bromidum, 
B.P.)  may  be  made  by  saturating  hydrobromic  acid  with  am- 
monia :  HBr  +  NH4HO  -  NH4Br  +  H20.  It  forms  colourless 
crystals  which  may  become  slightly  yellow  on  exposure  to 
air,  is  readily  soluble  in  water,  less  so  in  spirit,  and,  when 
heated,  sublimes. 

Solution  of  Bromine,  B.P.,  10  minims  in  5  ounces,  is  an 
aqueous  solution,  bromine  being  slightly  soluble  m  water. 

Hypobromites,  Bromates,  and  Perbromates,  analogous  to 
hypochlorites,  chlorates,  and  per  chlorates,  are  producible. 

Bromates,  occurring  as  an  impurity  in  bromides,  are 
detected  by  dropping  diluted  sulphuric  acid  on  to  the  salt, 
when  a  yellow  colour  due  to  free  bromine  is  produced  im- 
mediately if  bromates  are  present. 

Analytical  Enactions  (Tests). 

First  Analytical  Reaction.— To  a  few  drops  of  a  solution  of 
a  bromide  (KBr,  or  NH4Br)  add  solution  of  nitrate  of  silver ; 
a  yellowish-white  precipitate  (bromide  of  silver,  AgBr)  falls. 
Treat  the  precipitate  successively  with  nitric  acid  and 
dilute  ammonia,  as  described  for  the  chloride  of  silver ;  it  is 
only  sparingly  dissolved  in  ammonia. 

Second  Analytical  Reaction.- -To  solution  of  a  bromide 
add  a  drop  or  two  of  chlorine  water,  or  a  bubble  or  two  of 
chlorine  gas ;  then  add  a  few  drops  of  chloroform  or  ether, 
or  bisulphide  of  carbon,  shake  the  mixture,  and  set  the  test- 
tube  aside:  the  chlorine,  from  the  greater  strength  of  its 
affinities,  displaces  the  bromine,  which  is  dissolved  by  the 
chloroform,  etc,  the  solution  falling  to  the  bottom  of  the 
tube  in  the  case  of  the  heavy  chloroform  or  bisulphide  of 
carbon,  or  rising  to  the  top  in  the  case  of  the  kght  ether 
Either  solution  has  a  distinct  yellow,  or  reddish-yellow ,  oi 
red  colour,  according  to  the  amount  of  bromine  present. 

Notes  -This  reaction  serves  for  the  isolation  of  bromine 
when  m  xed  with  many  other  substances.  Excess  of  chlorine 
must  be  avoided,  as  colourless  chloride  of  bromine  is  then 
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formed.  Iodides  give  a  somewhat  similar  appearance;  the 
absence  of  iodine  must  therefore  be  ensured  by  a  process 
given  in  the  next  section.  The  above  solution  in  chloroform 
or  ether  may  be  removed  from  the  tube  by  drawing  up_  into 
a  pipette  (small  pipe— a  narrow  glass  tube,  usually  having  a 
bulb  or  expanded  portion  in  the  centre),  the  bromine  fixed  by 
the  addition  of  a  drop  of  solution  of  potash  or  soda,  the 
chloroform  or  ether  evaporated  ofF,  and  the  residue  tested  as 
described  in  the  next  reaction. 

Third  Analytical  Reaction. — Liberate  bromine  from  a 
bromide  by  the  cautious  addition  of  chlorine  or  chlorine- 
water,  then  add  a  few  drops  of  cold  "  mucilage  of  starch  "  {vide 
Index) ;  a  yellow  combination  of  bromine  and  starch,  com- 
monly termed  "  bromide  of  starch,"  is  formed. 

The  above  reaction  may  be  varied  by  liberating  the 
bromine  by  a  little  black  oxide  of  manganese  and  a  drop  of 
sulphuric  acid,  the  upper  part  of  the  inside  of  the  test-tube 
being  smeared  over  with  the  mucilage  of  starch.  Even 
sulphuric  acid  alone,  if  strong,  liberates  bromine  from  a 
bromide,  the  hydrogen  of  the  hydrobromic  acid  first  pro- 
duced uniting  with  the  oxygen  of  the  sulphuric  acid — the 
latter  being  reduced  to  sulphurous  acid  or  even  to  hydro- 
sulphuric  acid. 


HYDRIODIC  ACID  AND  OTHER  IODIDES. 

Formula  of  Hydriodic  Acid,  HI.    Molecular  weight,  128. 

Source. — The  acidulous  radical  of  hydriodic  acid  and  other 
iodides  is  the  element  iodine  (I).  It  occurs  in  nature  as 
iodides  of  sodium  and  magnesium,  in  sea-water.  Sea-weeds, 
sponges,  and  other  marine  organisms,  which  derive  much  of 
their  nourishment  from  sea-water,  store  up  iodides  in  their 
tissues ;  and  it  is  from  the  ashes  of  these  that  supplies  of 
iodine  (Iodum,  B.P.)  are  obtained.  Mineral  iodides  also  are 
met  with,  and  iodates  occur  in  crude  cubic  nitre. 

Process. — The  sea-weed  ash  or  kelp  is  treated  with  water, 
insoluble  matter  thrown  away,  and  the  decanted .  liquid  eva- 
porated and  set  aside  to  allow  of  the  deposition  of  most  of 
the  sulphates,  carbonates,  and  chlorides   of   sodium  and 
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potassium.  The  residual  liquor  is  treated  with  excess  of 
sulphuric  acid,  which  causes  evolution  of  carbonic  and  sul- 
phurous or  sulphuretted  gases,  deposition  of  sulphur  and 
more  sulphate  of  sodium,  and  formation  of  hydriodic  acid. 
To  the  decanted  liquid  is  added  black  oxide  of  manganese, 
and  the  mixture  is  then  slowly  distilled ;  the  iodine  sublimes 
and  is  afterwards  purified  by  resublimation. 

2HI  +  Mn02  +  H2S04  =  MnS04  +  2H20  +  I2. 

The  analogy  of  chlorine,  bromine,  and  iodine  is  well  in- 
dicated by  the  fact  that  each  is  obtained  from  its  compounds 
by  the  same  reaction.  Iodine  is  liberated  from  any  iodide  as 
bromine  from  bromides,  or  chlorine  from  chlorides— namely, 
by  the  action  of  black  oxide  of  manganese  and  sulphuric 

Properties.— Iodine  is  a  crystalline  purplish-black  sub- 
stance ;  its  vapour,  readily  seen  on  heating  a  fragment  in  a 
test-tube,  is  dark-violet.  Its  vapours  are  irritating  to  the 
lungs  ;  but  a  trace  may  be  inhaled  with  safety  (Vapor  lodi, 
B.P.).  It  melts  at  230°  I\,  boils  at  about  392°,  and  is  en- 
tirely volatilized,  the  first  portions  containing  any  cyanide 
of  iodine  that  may  be,  though  very  rarely  is,  present.  _  The 
latter  body  occurs  in  slender,  colourless  prisms,  emitting  a 
pungent  odour. 

Quantivalence.— The  atom  of  iodine,  like  those  of  bromine 
and  chlorine,  is  univalent*  (I').  The  atomic  weight  of 
iodine  is  127  ;  its  molecular  formula,  I2. 

The  Iodide  of  Hydrogen,  or  Hydriodic  Acid,  is  a  heavy, 
colourless  gas.  Its  solution  in  water  may  be  made  by 
passing  sulphuretted  hydrogen  into  water  m  which  iodine  is 
suspended,  the  chief  reaction  being  :— 2H2S  +  212  =  b2  +  4±ii. 
See  the  analogous  reaction  for  HBr,  p.  313. 

*  There  is  a  compound  of  iodine  having  the  formula  I018.  Iodine 
would  at  first  sight  therefore  seem  to  be  a  trivalent  element  (1  ;  ana 
bromine  and  fluorine,  from  their  close  chemical  analogy  with .  iodine 
would  necessarily  be  regarded  as  trivalent  also.  From  this  aspect  the 
posito  of  chlorine  would  be  anomalous.  Probably,  however  the  corn- 
Sound  is  only  a  molecular  combination  of  true  chloride  of  iodine,  IC1, 
with  added  chlorine,  Cl2.  Iodine  forms,  with  iodide  of  potassium  a 
periodtde  or  tri-iodide  KI8,  which  may  be  obtained  in  lustrous  prism..,, 
crvsta  s  This,  too,  may  have  the  formula  KI,  Ia.  A  mercuric  hex  o  i h 
?TM  Perhaps  Hgl„  I2,  Is)  is  also  known;  and  a  periodide  of  am- 
SmrNHJ,  I*  both,  probably,  only  «  additive  «  compounds.  See 
p.  155. 
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Hydriodic  acid  may  also  be  prepared  by  placing  twenty 
parts  of  iodine  and  two  of  water  in  a  retort  the  neck  of 
which  points  upwards,  and  the  end  of  the  neck  of  which  is 
connected  by  a  glass  tube  with  a  bottle  or  other  vessel  con- 
taining a  little  water.  Into  the  tubulure  of  the  retort  is 
passed,  at  first  a  drop  at  a  time,  a  mixture  of  one  part  of  red 
phosphorus  with  two  of  water.  Abundance  of  hydriodic 
acid  is  evolved  on  the  application  of  a  gentle  heat,  and  falls 
into  and  dissolves  in  the  water  in  the  receiver.  Phosphoric 
acid  remains.-P2  +  5I2  +  8H2O  =  10HI  +  2H3PO4.  See  the 
analogous  reaction  for  HBr,  p.  312. 

Or  iodine  may  be  dissolved  in  bisulphide  of  carbon  m  a 
tall  cylinder,  water  added,  and  sulphuretted  hydrogen  passed 
through  the  mixture.  The  water  dissolves  the  hydriodic 
acid  produced,  the  bisulphide  retaining  the  separated  sulphur. 
The  aqueous  solution  only  needs  boiling  for  two  or  three 
minutes  to  remove  excess  of  sulphuretted  hydrogen.  _ 

Iodide  of  potassium  (KI)  is  largely  used  in  medicine,  and 
hence  is  the  most  convenient  iodide  on  which  to  experiment 
in  studying  the  reactions  of  this  acidulous  radical.  Solid 
iodine  itself  might  be  taken  for  the  purpose;  but  its  use 
and  action  in  that  state  having  already  been  alluded  to  in 
describing  the  iodides  of  potassium,  cadmium,  and  mercury, 
its  analytical  reactions  in  the  combined  condition  are  those 
which  may  now  occupy  attention. 

Solution  of  Iodine.  Iodine  is  slightly  soluble  in  water 
(iodine-water),  and  readily  soluble  in  an  aqueous  solution  of 
iodide  of  potassium.  Ten  grains  of  iodine  and  fifteen  of 
iodide  of  potassium,  dissolved  in  sufficient  distilled  water 
to  produce  200  fluid  grains,  forms  Liquor  Iodi,  B.P.  (see 
footnote  on  previous  page) ;  32  grains  of  iodine  and  32  of 
iodide  of  potassium,  rubbed  with  1  fluid  drachm  of  glycerine, 
and  2  ounces  of  lard  gradually  mixed  in,  form  Unguentum 
Iodi,  B.P.  It  is  more  soluble  in  spirit,  or  in  a  spirituous 
solution  of  iodide  of  potassium  (Tinctura  Iodi,  B.P.).  It 
combines  with  sulphur,  forming  an  unstable,  greyish-black, 
solid  iodide  (S2I2),  having  a  radiated  crystalline  structure 
(Sulphuris  Iodidum,  B.P.,  and  Unguentum  Stdphuris  Iodidi). 
"  If  100  grains  be  thoroughly  boiled  with  water,  the  iodine 
will  pass  off  in  vapour,  and  about  20  grains  of  sulphur 
remain." — Brit.  Pharm. 
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Analytical  Reactions  (Tests). 
First  Analytical  Reaction, — To  a  few  drops  of  an  aqueous 
solution  of  an  iodide  (e.g.  KI)  add  solution  of  nitrate  of 
silver ;  a  light  yellow  precipitate  (iodide  of  silver,  Agl)  falls. 
Pour  away  the  supernatant  liquid,  and  treat  the  precipitate 
with  nitric  acid ;  it  is  not  dissolved.  Pour  away  the  acid, 
and  then  add  dilute  ammonia ;  it  is  only  sparingly  dis- 
solved. 

This  reaction  is  useful  in  separating  iodine  from  most 
other  acidulous  radicals,  but  does  not  distinguish  iodine 
from  bromine. 

The  presence  of  chloride  in  iodide  of  silver  may  be  detected 
by  boiling  with  dilute  solution  of  carbonate  of  ammonium, 
filtering  off  the  insoluble  iodide  of  silver,  and  saturating  the 
filtrate  with  nitric  acid ;  any  chloride  of  silver  is  then  pre- 
cipitated. 

Ammonia,  it  will  be  remembered,  dissolves  chloride  of 
silver  readily  ;  hence  the  presence  of  chloride  of  potassium  in 
bromide  or  iodide  may  be  detected  by  dissolving  in  water, 
adding  excess  of  nitrate  of  silver,  collecting  the  precipitate, 
washing,  digesting  in  ammonia,  filtering,  and  adding  excess 
of  nitric  acid  to  the  filtrate;  more  than  a  trace  of  white 
curdy  precipitate  indicates  a  chloride  (of  potassium).  Bro- 
mide and  iodide  of  silver  are,  however,  slightly  soluble  in 
ammonia.    Better  processes  are  given  on  pages  320  to  323. 

Second  Analytical  Reaction.— Liberate  iodine  from  an 
iodide  by  the  cautious  addition  of  chlorine,  then  add  mucilage 
of  starch  ;  a  deep-blue  combination  of  iodine  and  starch,  com- 
monly termed  "  iodide  of  starch,"  is  formed. 

Starch  is  highly  sensitive  to  the  action  of  iodine ;  this  re- 
action is  consequently  very  delicate  and  characteristic.  Heat 
decomposes  the  blue  compound.  Excess  of  chlorine  must  be 
avoided,  or  colourless  chloride  of  iodine  will  be  produced. 
Nitrous  acid,  or  a  nitrite  acidulated  with  sulphuric  acid,  may 
be  used  instead  of  chlorine.  Concentrated  sulphuric  acid 
also  liberates  iodine  from  iodides,  the  hydrogen  of  the  hydrio- 
dic  acid  first  produced  uniting  with  the  oxygen  of  the  sul- 
phuric acid-the  latter  (H8S04)  being  reduced  to  sulphurous 
acid  (H2S03),  or  even  to  hydrosulphunc  acid  (H9b). 
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In  testing  bromine  for  iodine,  the  bromine  must  be  nearly 
all  converted  into  hydrobromic  acid  by  dilute  solution  of 
sulphurous  acid,  or  be  nearly  all  removed  by  solution  of  soda, 
before  the  mucilage  of  starch  is  added. 

Ozone  (03).  Papers  soaked  in  mucilage  of  starch  contain- 
ing iodide  of  potassium  form  a  test  for  free  chlorine  and 
nitrous  acid,  and  are  also  employed  by  meteorologists  to 
detect  an  allotropic  or  physically  polymeric  and  ^energetic 
form  of  oxygen,  termed  by  Schonbein  ozone  (from  o£co,  ozo,  I 
smell).    This  substance  liberates  iodine  from  the  iodide  of 
potassium  (with  formation  of  iodide  of  starch),  and  is  sup- 
posed to  occur  normally  in  the  atmosphere,  the  salubrity  or 
insalubrity  of  which  is  said  to  be  dependent  to  some  extent 
on  the  presence  or  absence  of  ozone.  The  possible  occurrence 
of  nitrous  or  chlorinoid  gases  in  the  air,  however,  renders  the 
test  untrustworthy.    Houzeau  proposes  to  test  for  ozone  by 
exposing  litmus-paper  of  a  neutral  tint  soaked  in  a  dilute 
solution  of  iodide  of  potassium  :  the  potash  set  free  by  action 
of  the  ozone  turns  the  paper  blue.    The  same  paper  without 
iodide  would  indicate  the  extent  to  which  the  effect  might 
be  due  to  ammonia  vapour.    Ozone,  or,  rather,  ozonized  air,  is 
produced  artificially  in  large  quantities  on  passing  air  through 
a  box  (Beane's  Ozone-generator)  highly  charged  with  elec- 
tricity.   In  the  latter  operation  condensation  of  the  volume 
of  air,  or,  rather,  of  the  oxygen  in  the  air,  occurs.  Small 
quantities  are  obtained  by  exposing  in  a  loosely  closed  bottle 
.  a  stick  of  phosphorus  partially  covered  by  water,  but  the 
product  is  mixed  with  peroxide  of  hydrogen.    Ozone  is  a 
powerful  bleaching,  disinfecting,  and  general  oxidizing  agent; 
insoluble  in  water,  soluble  in  oils  of  turpentine,  cinnamon, 
and  some  other  liquids.    From  experiments  that  have  been 
made  by  Soret  on  the  specific  gravity  of  ozone,  its  molecular 
formula  would  seem  to  be  03,  that  of  ordinary  oxygen  being 
02.    Its  smell  is  peculiar. 

Third  Analytical  Reaction. — To  a  neutral  aqueous  solution 
of  an  iodide  add  a  solution  containing  one  part  of  sulphate 
of  copper  to  two  and  a  half  parts  of  green  sulphate  of  iron, 
and  well  shake ;  a  dirty-white  precipitate  of  cuprous  iodide 
(Cu2I2)  falls. 

2KI  +  2CuS04  +  2FeS04  =  Cu2I2  +  K2S04  +  Fe23S04. 
.  Or  to  the  liquid  containing  an  iodide  add  the  solution  of 
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copper  sulphate  and  some  solution  of  sulphurous  acid,  and 
warm  the  mixture  ;  cuprous  iodide  falls. 

2KI  +  2CuS04  +  H2S03  +  H20  -  Cu2I2  +  2KHS04  +  H2S04. 

Separation  of  Chlorides,  Bromides,  and  Iodides. — Chlorides 
and  bromides  are  not  affected  in  the  above  way  ;  the  reaction 
is  useful,  therefore,  in  removing  iodine  from  a  solution  in  which 
chlorides  and  bromides  have  to  be  sought.  The  total  removal 
of  iodine  by  the  former  of  the  two  modifications  of  the  pro- 
cess is  ensured  by  supplementing  the  addition  of  the  cupric 
and  ferrous  sulphates  by  a  few  drops  of  solution  of  potash  or 
soda,  any  acid  which  might  be  keeping  cuprous  iodide  in 
solution  being  thereby  neutralized,  ferric  or  ferrous  hydrate, 
precipitated  at  the  same  time,  not  affecting  the  reaction. 
Occasionally,  too,  it  may  be  necessary  to  repeat  the  process 
with  the  filtrate  before  the  last  traces  of  iodine  are  removed. 
The  second  modification  of  the  process  is,  on  the  whole,  to  be 
preferred. 

Chlorides  may  be  separated  from  bromides  by  taking  ad- 
vantage of  the  ready  solubility  of  chloride  of  silver,  and  the 
slow  and  slight  solubility  of  bromide  of  silver,  in  ammonia, 
especially  in  (a  fair,  not  a  great,  excess  of)  ammonia  contain- 
ing chloride  of  silver.  The  presence  of  much  bromide  of 
silver,  however,  considerably  reduces  the  power  of  ammonia 
to  dissolve  chloride  of  silver. 

Hart's  Test. — (If  nitrates,  chlorates,  bromates,  or  iodates 
are  present,  it  is  necessary  to  fuse  the  substance  with  a  little 
sodium  carbonate  and  charcoal  to  reduce  them.  If  the 
haloids  are  united  with  silvei",  it  is  best  to  fuse  with  sodium 
carbonate  and  extract  with  water,  although  with  iodine  and 
bromine  this  is  not  absolutely  necessary.)  The  substance  is 
placed  in  the  flask  shown  in  the  figure  given  in  the  section  on 
the  quantitative  analysis  of  oxide  of  manganese  (vide  Index), 
with  some  water  and  a  few  drops  of  solution  of  ferric  sul- 
phate. Into  the  bulbs  are  poured  a  few  drops  of  dilute 
starch-mucilage.  The  bulbs  are  kept  cold  by  immersing  in 
water  in  a  beaker.  The  contents  of  the  flask  are  then  boiled, 
and  if  iodine  is  present  the  starch  is  coloured  blue.  This  test 
is  extremely  delicate.  If  iodine  is  found,  the  cork  with  the 
bulb  tube  is  removed,  and  the  solution  boiled  until,  on  test- 
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ing  again  in  the  same  way,  no  more  iodine  is  found.  If  much 
iodine  is  present,  it  is  necessary  to  add  more  ferric  sulphate 
solution.  The  bulb  tube  is  now  cleaned,  charged  with  a  few 
drops  of  water  and  a  drop  or  two  of  chloroform,  and  a  very 
small  crystal  of  potassium  permanganate  added  to  the 
solution  in  the  flask.  The  contents  of  the  flask  are  boiled 
again,  and  if  bromine  is  present  the  chloroform  becomes 
red.  The  tube  is  now  removed,  and  more  permanganate  of 
potas%ium  and  ferric  sulphate  added  little  by  little,  the  mix- 
ture being  boiled  between  each  addition  until  the  bromine 
has  all  been  driven  off.  A  few  drops  of  alcohol  are  added 
to  the  contents  of  the  flask,  to  decolorize  any  excess  of  per- 
manganate, and  after  filtration  chlorine  is  tested  for  in  the 
filtrate  with  silver  nitrate. 

Chlorides  may  also  be  detected  in  bromides  and  iodides  by 
taking  advantage  of  the  formation  of  chlorochromic  anhy- 
dride (page  275)  and  the  non-occurrence  of  corresponding 
compounds  of  bromine  or  iodine,  as  follows  : — 

To  a  solution  of  a  mixture  of  an  iodide  with  a  bromide  and 
a  chloride  add  a  concentrated  solution  of  sulphite  of  sodium, 
then  a  reagent  prepared  by  mixing  equal  volumes  of  sul- 
phuric  acid  and  saturated  solution  of  sulphate  of  copper, 
until  no  further  precipitation  of  cuprous  iodide  occurs. 
Next  add  solution  of  soda  to  remove  excess  of  sulphate  of 
copper,  filter,  and  evaporate  to  dryness.  Transfer  the  dried 
residue,  together  with  an  equal  bulk  of  red  chromate  of 
potassium,  to  a  dry  test-tube  fitted  with  a  delivery-tube,  or 
to  a  small  retort,  and  cover  the  mixture  with  sulphuric 
acid.  Distil  into  water.  Chromic  anhydride  and  hydro- 
chloric and  hydrobromic  acids  are  liberated  by  the  sulphuric 
acid,  and,  reacting  one  upon  another,  form  chlorochromic 
anhydride,  together  with  free  bromine  and  chlorine. 


Cr03  +  2HC1  = 
2CrOs  +  6HBr  +  3H2S04  - 
2CrO'3  +  6HCl  +  3H8S04  =? 

A.C. 


CrCL,02  +  HoO 
Cr23S04  +  3Br2  +  6H20 
Cr23S04-t-3Cl2  +  6H20. 

y 
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The  chlorochromic  anhydride  is  decomposed  by  the  excess  of 
water  into  which  it  distils,  giving  rise  to  chromic  acid,  which 
imparts  its  colour  to  the  liquid,  and  hydrochloric  acid,  thus  : 

CrCl202  +  2H20  =  H2Cr04  +  2HC1. 

Chlorine  gas  escapes  and  the  bromine  is  dissolved  by  the 
water.  The  coloured  liquid  is  then  shaken  with  chloroform, 
which  removes  the  bromine,  indicating  bromides  in  the  ori- 
ginal substance.  A  yellow  colour  remaining  is  due  to  clfromic 
acid,  indicating  chlorides  in  the  original  substance.  Or  add 
ammonia  to  the  distillate — the  colour  due  to  bromine  is 
thereby  entirely  removed,  while  that  of  the  chromic  com- 
pound is  only  slightly  modified. 

Instead  of  eliminating  the  iodine  as  cuprous  iodide,  it  may 
be  expelled  in  vapour,  obvious  enough  by  its  colour  and 
odour,  by  fusing  the  dry  mixture  of  the  salts  with  excess  of 
powdered  red  chromate.  The  residue,  broken  into  small 
fragments,  may  then  be  distilled  with  the  sulphuric  acid  for 
the  detection  of  the  bromine  and  chlorine. 

5K2Cr207  +  6KI  =  8K8Cr04  +  Cr203  +  3I2 

Fourth  Analytical  Reaction— Iodides  have  been  shown  to 
be  useful  in  testing  for  mercuric  salts  (see  the  Mercury 
Reactions,  page  235) ;  a  mercuric  salt  (corrosive  sublimate,  for 
example)  may  therefore  be  used  in  testing  for  iodides,  a 
scarlet  precipitate  (mercuric  iodide,  Hgl2)  being  produced. 

This  reaction  may  be  employed  where  large  quantities  of 
an  iodide  are  present ;  but  its  usefulness  in  analysis  is  much 
impaired  by  the  fact  that  the  precipitate  is  soluble  in  excess 
of  the  dissolved  iodide,  or  in  excess  of  the  mercuric  reagent. 
Its  colour  and  insolubility  in  water  distinguish  it  from  mer- 
curic chloride,  bromide,  and  cyanide,  which  are  white  soluble 
salts. 

Fifth  Analytical  Reaction.— Iodides  have  also  (see  the  Lead 
Reactions,  page  246)  been  shown  to  be  useful  in  testing  for 
lead  salts ;  similarly  a  lead  salt  (acetate,  for  example)  may 
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be  used  in  testing  for  iodides,  in  solutions  which  are  either 
neutral  or  faintly  acid  with  acetic  acid,  a  yellow  precipitate 
(iodide  of  lead,  Pbl2),  soluble  in  hot  water  and  crystallizing 
in  yellow  scales  on  cooling,  being  produced. 

Chloride,  bromide,  and  cyanide  of  lead  are  white ;  hence 
the  above  reaction  may  occasionally  be  useful  in  distinguish- 
ing iodine  from  the  allied  radicals.  But  iodide  of  lead  is 
slightly  soluble  in  cold  water;  hence  small  quantities  of 
iodine  cannot  be  detected  by  this  reaction.  (For  Iodates,  see 
Index.) 

Analogies  betioeen  Chlorine,  Bromine,  Iodine  and  their 
Compounds— These  elements  form  a  natural  group  or  family, 
each  distinct  from  the  other,  yet  closely  related.  Moreover, 
their  dissimilarities  are  so  curiously  gradational  as  to  irre- 
sistibly suggest  the  idea  that  some  day  we  may  find  the 
differences  between  these  bodies  to  be  in  degree  rather  than 
in  kind.  Thus  chlorine  is  a  gas  and  iodine  a  solid,  while 
bromine  occupies  the  intermediate  condition.  The  atomic 
weight  of  bromine  is  nearly  midway  between  those  of  chlorine 
and  iodine.  The  same  may  be  said  of  the  weight  of  equal 
volumes  of  each  in  the  gaseous  state.  The  specific  gravity 
of  fluid  chlorine  is  1'33,  of  iodine  4*95,  while  bromine  is 
nearly  3.  Liquid  chlorine  is  transparent,  iodine  opaque, 
bromine  intermediate.  The  crystalline  forms  of  the  chloride, 
bromide,  and  iodide  of  a  metal  are  commonly  identical.  One 
volume  of  either  element  in  the  gaseous  state  combines  with 
an  equal  volume  of  hydrogen  (at  the  same  temperature)  to 
form  two  volumes  of  a  gaseous  acid,  very  soluble  in  water 
(hydrochloric  acid,  hydrobromic  acid,  hydriodic  acid). 
Many  other  analogies  are  traceable.  {Vide  Index,  "  Periodic 
Law.")   

QUESTIONS  AND  EXERCISES. 

State  the  method  by  which  bromine  is  obtained  from  its  natural  com- 
pounds.—Mention  the  properties  of  bromine. — How  may  the  bromides  of 
potassium  and  ammonium  be  made  ? — By  what  reagents  may  bromides 
be  distinguished  from  chlorides  ? — Whence  is  iodine  obtained  ? — By  what 
process  is  iodine  isolated  ? — State  the  properties  of  iodine. — What  is  the 
nature  of  iodide  of  sulphur  ? — Give  the  analytical  reactions  of  iodides. — 
What  three  substances  may,  indirectly,  be  detected  by  a  mixture  of 
iodide  of  potassium  and  mucilage  of  starch  ? — Describe  a  method  by 
which  iodides  may  be  removed  from  a  solution  containing  chlorides  and 
bromides. 
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HYDROCYANIC  ACID  AND  OTHER  CYANIDES. 

Formula  of  Hydrocyanic  Acid,  HCN  or  HCy. 
Molecular  weight,  27. 

History  of  Cyanogen. — The  acidulous  radical  of  hydro- 
cyanic acid  and  other  cyanides  is  a  compound  body,  cyanogen 
(CN  or,  shortly,  Cy  or  C2N2  or  N=C— C3SI).  It  is  so  named 
from  Kvavos,  kuanos,  blue,  and  yevvda,  gennao,  I  generate,  in 
allusion  to  its  prominent  chemical  character  of  forming,  with 
iron,  the  different  varieties  of  Prussian  blue.  It  was  from 
Prussian  blue  that  Scheele  in  1782  first  obtained  what  we 
now,  from  our  knowledge  of  its  composition,  term  hydrocyanic 
acid  (HCy,  or  HCN,  or  H— C=N),  but  which  he  called  Prussic 
acid.  Cyanogen  was  isolated  by  Gray-Lussac  in  1814,  and 
was  the  first  compound  radical  distinctly  proved  to  exist. 

Sources. — Cyanogen  does  not  occur  in  nature,  and  is  only 
formed  from  its  elements  under  certain  circumstances.    It  is 
found  in  small  quantities  among  the  gases  of  iron  furnaces, 
and  is  produced  to  a  slight  extent  in  distilling  coals  for  gas. 
In  the  form  of  ferrocyanide  of  potassium  it  is  obtained 
abundantly  by  heating  animal  refuse  containing  nitrogen, 
such  as  the  scrapings  of  horns,  hoofs,  and  hides  (5  parts), 
with  carbonate  of  potassium  (2  parts)  and  waste  iron  (filings, 
etc.)  in  a  covered  iron  pot.    The  residual  mass  is  boiled  with 
water,  the  mixture  filtered,  and  the  filtrate  evaporated  and 
set  aside  for  crystals  to  form.    The  cyanogen,  produced  from 
the  carbon  and  nitrogen  of  the  animal  matter,  unites  with 
the  potassium  and  afterwards,  on  boiling  with  water,  with 
iron  to  form  what  is  often  termed  the  yellow  prussiate  of 
potash,  or  ferrocyanide  of  potassium,  Potassii  Ferrocyanidum, 
B.P.  (K'4Pe"Cy'fi,  3H20),  a  compound  occurring  in  four- 
sided  tabular  yellow  crystals.    It  contains  the  elements  of 
cyanogen,  yet  is  not  a  cyanide,  for  it  is  not  poisonous,  and  is 
otherwise  different  from  cyanides  :  it  will  be  further  noticed 
subsequently.    Prom  this  salt  all  cyanides  are  directly  or 
indirectly  prepared. 

Cyanide  of  potassium  (KCy),  the  most  common  cyanide 
may  be  obtained  by  heating  the  ferrocyanide  to  redness  until 
o-as  (chiefly  nitrogen)  ceases  to  be  evolved  ;  and  carbide  ot 
iron  settles  to  the  bottom  of  the  molten  mass  of  almost  pure 
cyanide  (Potassii  Cyanidum,  B.P.).  The  product,  carefully 
poured  off  and  cooled,  is  an  opaque  crystalline  mass  contain- 
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ing  about  95  per  cent,  of  the  salt.  It  also  may  be  procured 
byfusing  eight  parts  of  ferrocyanide  of  potassium  with  three 
of  carbonate  of  potassium  in  a  crucible ;  carbonic  acid  gas 
(C02)  is  evolved,  iron  (Fe)  is  set  free,  and  cyanate  of  _  potas- 
sium (KCyO),  a  body  that  will  be  subsequently  noticed,  is 
formed  at  the  same  time  : — 

2K4FeCy6  +  2K2C03  =  lOKCy  +  2KCyO  +  Fe2  +  2C02. 

Double  cyanides  exist,  such  as  the  cyanide  of  sodium  and 
silver  (NaCy,  AgCy)  formed  in  the  process  (subsequently  de- 
scribed) of  quantitatively  determining  the  amount  of  hydro- 
cyanic acid  in  a  liqtvid  by  a  standard  solution  of  nitrate  of 
silver :  these  compounds  have,  more  or  less,  the  properties 
of  their  constituents.  But  other  cyanogen  compounds,  not 
double  cyanides,  occur,  in  which  the  cyanogen  is  so  intimately 
united  with  a  metal  as  to  form  a  distinct  radical:  such  are 
ferrocyanides  and  ferricyanides— salts  which  will  be  noticed 
in  due  course. 

Cyanogen,  like  chlorine,  bromine,  and  iodine,  is  univalent 
(Cy').  It  may  be  isolated  by  simply  heating  mercuric 
cyanide  (HgOy2)  or  cyanide  of  silver  (AgCy).  It  is  a 
cokrarless  gas,  burning,  when  ignited,  with  a  beautiful 
peachblossom-coloured  flame. 

Mercuric  cyanide  is  produced  in  crystals  on  dissolving  1 
part  of  ferrocyanide  of  potassium  in  15  parts  of  foiling 
water,  adding' 2  parts  of  mercuric  sulphate,  keeping  the 
whole  hot  for  ten  or  fifteen  minutes,  and  then  filtering  and 
setting  aside  to  cool.  In  addition  to  mercuric  cyanide 
(HgCy2),  mercury  (Hg),  ferric  sulphate  (Fe23S04),  and 
sulphate  of  potassium  (K2S04),  are  formed.  Any  excess  of 
ferrocyanide  also  gives  Prussian  blue  by  reaction  with  the 
ferric  sulphate.  A  small  flame  of  cyanogen  may  be  obtained 
on  heating  a  few  crystals  of  mercuric  cyanide  in  a  short  piece 
of  glass  tubing  closed  at  one  end,  and  applying  a  light  to  the 
other  end  as  soon  as  evolution  of  gas  commences :  brown 
paracyanogen  (C3N3)  and  mercury  remain. 

Reactions. 

Diluted  Hydrocyanic  Acid. 

Synthetical  Reaction.— dissolve  2  or  3  grains  of  ferro- 
cyanide of  potassium  in  5  or  6  times  its  weight  of  water  in 
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a  test-tube,  add  a  few  drops  of  sulphuric  acid  and  boil  the 
mixture,  conveying  the  evolved  gas  by  a  bent  glass  tube 
(adapted  to  the  test-tube  by  a  cork)  into  another  test-tube 
containing  a  little  water  ;  the  product  is  a  dilute  solution  of 
hydrocyanic  acid.  Made  by  this  process  in  larger  quantities 
and  of  a  certain  definite  strength  (2  per  cent.),  this  solution 
is  the  Acidum  Hydrocyanicum  Dilutum,  B.P.  "  A  colour- 
less liquid  of  peculiar  odour.    Specific  gravity,  0-997." 

2K4FeCy6  +  6H2S04  =  Fe"K3FeCy6  +  6KHS04  +  6HCy. 

The  details  of  the  official  process  are  as  follows  :— Dissolve 
2\  ounces  of  ferrocyanide  of  potassium  in  10  ounces  of  water, 
add  one  fluid  ounce  of  sulphuric  acid  previously  diluted  with 
4  ounces  of  water  and  cooled.    Put  the  solution  into  a  flask 
or  other  suitable  apparatus  of  glass  or  earthenware,  to  which 
are  attached  a  condenser  and  a  receiver  arranged  for  distilla- 
tion (see  p.  141) ;  and  having  put  8  ounces  of  distilled  water 
into  the  receiver,  and  provided  efficient  means  for  keeping 
the  condenser  and  receiver  cold,  apply  heat  to  the  flask,  until 
bv  slow  distillation  the  liquid  in  the  receiver  is  increased  to 
17  fluid  ounces*    Add  to  this  3  ounces  of  distilled  water,  or 
as  much  as  maybe  sufficient  to  bring  the  acid  to  the  required 
strength,  so  that  100  grains  (or  110  minims)  of  it,  precipi- 
tated with  a  solution  of  nitrate  of  silver  (vide  paragraphs  on 
quantitative  analysis),  shall  yield  10  grains  of. irj ' cyanide 
of  silver.     The  end  of  the  condenser  or  an  attached  tube 
should  pass  quite  into  the  receiver. 

The  residue  of  this  reaction  is  acid  sulphate  of  potassium 
(KHS04),  which  remains  in  solution,  and  ferrocyanide  ol 

*  This  operation  is  peculiarly  liable  to  those  sudden  and 

rather  between  the  normal  liquid  and  those  particles  of  it  vvlncii 
coming  strongly  heated  at  the  heated  part  of  the  vessel,  have  ^umed& 

£fe  life  = :  I 
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potassium  and  iron  (Fe"K2FeCy6),  an  insoluble  powder  some- 
times termed  Everitt's  yellow  salt,  from  the  name  of  the 
chemist  who  first  made  out  the  nature  of  the  reaction.  The 
.  latter  compound  becomes  bluish  green  during  the  reaction, 
owing  to  the  absorption  of  oxygen.  . 

Pure  anhydrous  hydrocyanic  acid  is  a  colourless,  highly 
volatile,  intensely  poisonous  liquid,  solidifying  when  cooled 
to  a  low  temperature*  It  may  be  made  by  passing  sulphu- 
retted hydrogen  over  mercuric  cyanide.  The  official  solution 
of  the  acid  is  fairly  stable,  but  is  said  to  be  rendered  more  so 
by  the  presence  of  a  minute  trace  of  sulphuric  or  hydrochloric 
acid.  A  stronger  acid  is  liable  to  assimilate  the  elements  of 
water,  and  yield  formate  of  ammonium  (NH4CH02).  Solu- 
tions of  hydrocyanic  acid  often  become  brown  by  formation 
of  what  is,  apparently,  paracyanogen  (03N3).  According  to 
Williams,  aqueous  hydrocyanic  acid  containing  20  per  cent,  of 
glycerine  can  be  kept  for  an  almost  indefinite  length  of  time. 
The  official  acid  should  be  preserved  in  well-corked  bottles 
tied  over  with  impervious  tissue  and  kept  inverted,  when  not 
in  use,  in  a  cool,  dark  place.  Unless  such  precautions  are 
adopted,  the  fluid  rapidly  loses  strength  by  escape  of  the 
vapour  of  the  acid. 

Note. — A  few  drops  of  diluted  hydrocyanic  acid  so  placed 
that  its  vapour  may  be  inhaled,  forms  the  Vapor  Acidi 
Hydrocyanici,  B.P.,  or  Inhalation  of  Hydrocyanic  Acid. 
Hydrocyanic  acid  also  occurs  in  cherry-laurel  water  and 

accumulate  on  the  films,  and  then  at  once  become  subject  to  the  pressure 
of  the  mass  of  fluid,  and  so  pass  off  in  bubbles.  But  when  the  films  are 
absent,  or  have  become  removed  during  distillation,  the  heat  accumulates 
until  it  is  sufficient  to  overcome  the  adhesion  of  the  superheated  particles, 
and  these  are  then,  all  of  them  at  once,  converted  into  vapour,  the  liquid 
sometimes  boiling  over,  or  even  bursting  the  vessel.  "Bumping"  may 
be  prevented  by  using  glass  vessels  roughened  inside  (by  hydrofluoric  acid 
or  otherwise)  or  by  inserting  fragments  of  substances  for  which  vapour- 
particles  have  adhesion,  but  no  known  substance  has  this  property  in  an 
absolute  degree.  Tobacco-pipe  or  pumice-stone,  pieces  of  cork,  thick 
paper,  resin,  sulphur,  platinum  wire,  etc.,  are  useful  when  there  is  no 
chemical  action  between  them  and  the  liquid.  Tomlinson  recommends 
cocoanut-shell  charcoal.  A  slow  current  of  gas,  such  as  hydrogen,  air, 
or  carbonic  acid  gas,  also  promotes  escape  of  vapour  from  a  liquid  ;  a  few 
capillary  tubes,  sealed  at  one  end,  and  placed  mouth  downwards  in  the 
fluid,  answering  well.  A  jet  of  steam  prevents  bumping,  but  is  not  always 
applicable. 

*  Traces  are  formed  when  electricity  passes  between  carbon  poles  in 
slightly  moist  air  (Dewar). 
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bitter-almond  water  {vide  Index).  Aqua  Lawod&'asi,  B.P., 
is  made  to  contain  01  per  cent,  of  real  acid  (HCy). 

The  methods  of  determining  the  strength  of  hydrocyanic 
acid  solutions  will  be  given  in  connection  with  volumetric 
and  gravimetric  quantitative  analysis.  They  are  based  on 
the  formation  of  cyanide  of  silver,  and  its  solubility  involu- 
tion of  alkaline  cyanides,  as  described  in  the  next  reaction. 

The  Hydrocyanic  Acid  used  in  pharmacy  is  _  extremely 
liable  to  variation  in  strength.  It  should  frequently  be  tested 
volume  trically. 

Analytical  Reactions  (Tests). 

First  Analytical  Reaction. — To  a  few  drops  of  the  hydro- 
cyanic acid  solution  produced  in  the  above  reaction,  or  to 
any  solution  of  a  cyanide,  add  excess  of  solution  of  nitrate  of 
silver ;  a  white  precipitate  (cyanide  of  silver,  AgCy)  falls. 
When  the  precipitate  has  subsided,  pour  away  the  supernatant 
liquid  and  place  half  of  the  residue  in  another  test-tube :  to 
one  portion  add  nitric  acid,  and  notice  that  the  precipitate 
does  not  dissolve  ;  to  the  other  add  ammonia,  and  observe 
that  the  precipitate,  though  soluble,  dissolves  somewhat 
slowly.  (Chloride  of  silver,  which  is  also  white,  is  readily 
soluble  in  ammonia.)  Cyanide  of  silver  dissolves  in  solution 
of  cyanides  of  alkali-metals,  soluble  double  cyanides  being 
formed  (e.g.,  KCyAgCy). 

Solubility  of  precipitates  in  strong  solutions  of  salts.— 
Cyanide  of  silver  and  many  other  precipitates  insoluble  in 
acids  (similar  remarks  apply  to  precipitates  insoluble  in 
alkalies)  are  often  soluble  in  the  saline  liquids  formed  by  the 
addition  of  acids  and  alkalies  to  each  other.  Hence  the  pre- 
caution of  adding  the  latter  reagents  to  separate  portions  of 
a  precipitate,  or  of  not  adding  the  one  until  the  other  has 
been  poured  away. 

Cyanogen  in  an  insoluble  cyanide,  such  as  cyanide  oi  silver 
itself,  is  readily  recognised  on  heating  the  substance  m  a  short 
piece  of  glass  tubing  closed  at  one  end  like  a  test-tube  and 
drawn  out  at  the  other  end,  so  as  to  have  but  a  small  opening: 
on  applying  a  flame,  the  escaping  cyanogen  ignites  and  bums 
with  a  characteristic  peach-blossom  tint.  Metallic  silver 
remains. 
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Antidote. 

Second  Analytical  Reaction.— To  a  dilute  solution  of 
hydrocyanic  acid,  or  a  soluble  cyanide,  add  a  few  drops  of 
solution  of  a  ferrous  salt  and  a  drop  or  two  of  solution  of  a 
ferric  salt  (ferrous  sulphate  and  ferric  chloride  are  usually  at 
hand) ;  to  the  mixture  add  potash,  soda,  magnesia,  or  carbon- 
ate of  sodium,  and  then  hydrochloric  acid ;  a  precipitate  of 
Prussian  blue  remains.  The  decompositions  may  be  traced 
in  the  following  equations  : — 

HCy    +  KHO  =  KOy     +  H20 

2KCy    +  FeS04  -  FeCy2  +  K2S04 

4KCy    +  FeCy,  =  K4FeCy6  or  K4Fcy 

3K4Fcy  +  2Fe2Cf6  =  12KC1  +  Fe4Fcy3. 

The  test  depends  on  the  conversion  of  the  cyanogen  into 
ferrocyanogen  by  aid  of  the  iron  of  a  ferrous  salt,  and  the 
combination  of  the  ferrocyanogen,  so  produced,  with  the  iron 
of  a  ferric  salt. 

Hence  a  mixture  of  green  sulphate  of  iron,  solution  of 

perchloride  of  iron,  and  either  magnesia  or  carbonate  of 

sodium  is  the  recognised  antidote  in  cases  of  poisoning  by 

hydrocyanic  acid  or  cyanide  of  potassium. 
In  such  an  alkaline  mixture  the  poisonous  cyanide,  by  reaction 
with  ferrous  hydrate,  is  at  once  converted  into  innociious 
ferrocyanide  of  potassium  or  sodium,  etc.  :  shoiild  the  mix- 
ture become  acid,  the  ferric  salt  present  reacts  with  the 
soluble  ferrocyanide,  forming  insoluble  Prussian  blue,  which 
is  also  inert.  From  the  rapidity  of  the  action  of  these 
poisons,  however,  there  is  seldom  time  to  prepare  an  antidote. 
Emetics,  the  stomach-pump,  or  stomach-siphon,  the  application 
of  a  stream  of  cold  water  to  the  spine,  and  the  above  antidote, 
form  the  usual  treatment. 

Third  Analytical  Reaction— To  solution  of  hydrocyanic 
acid  add  ammonia  and  common  yellow  sulphydrate  of  ammo- 
nium, and  evaporate  the  liquid  nearly  or  quite  to  dryness  in 
a  small  dish,  occasionally  adding  ammonia  till  the  excess  of 
sulphydrate  of  ammonium  is  decomposed ;  add  water  and 
acidify  the  liquid  with  hydrochloric  acid,  and  then  add  a 
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drop  of  solution  of  a  ferric  salt ;  a  blood-red  solution  of  sul- 
phocyanate  of  iron  will  be  formed. 

This  is  a  very  delicate  reaction.  Some  free  sulphur  in  the 
yellow  sulphydrate  of  ammonium  unites  with  the  alkaline 
cyanide  and  forms  sulphocyanate  (2NH4.Cy  +  S2  =  2NH4CyS) ; 
the  ammonia  combines  with  excess  of  free  sulphur  and  forms, 
among  other  salts,  sulphydrate  of  ammonium,  the  whole  of 
which  is  removed  by  the  ebullition.  If  the  liquid  has  not 
been  evaporated  far  enough,  sulphydrate  of  ammonium  may 
still  be  present,  and  give  black  sulphide  of  iron  on  the  addi- 
tion of  the  ferric  salt,  hence  prior  acidification. 

Hydrocyanic  acid  in  the  blood. — According  to  Buchner,  the 
blood  of  animals  poisoned  by  hydrocyanic  acid,  instead  of 
coagulating  as  usual,  remains  liquid,  and  of  a  clear  cherry- 
red  colour  for  several  days.  In  one  case  he  obtained  the 
reactions  of  the  acid  on  diluting  and  distilling  the  blood 
fifteen  days  after  death,  and  applying  the  usual  reagents  to 
the  distillate.  Aqueous  solution  of  peroxide  of  hydrogen 
changes  such  blood  to  a  deep-brown  colour. 

Schoribein's  test  for  hydrocyanic  acid  is  said  to  be  ex- 
tremely delicate.  Filtering-paper  is  soaked  in  a  solution  of 
3  parts  of  guaiacum  resin  in  100  of  alcohol.  A  strip  of  this 
paper  is  dipped  in  a  solution  of  1  part  of  sulphate  of  copper 
in  50  of  water ;  a  little  of  the  suspected  solution  is  placed  on 
this  paper  and  exposed  to  the  air,  when  it  immediately  turns 
blue.  Or  the  paper  may  be  placed  over  the  neck  of  an_  open 
bottle  of  medicine  supposed  to  contain  hydrocyanic  acid,  or 
otherwise  exposed  to  the  suspected  vapour  of  the  acid. 


QUESTIONS  AND  EXEECISES. 

Write  a  paragraph  on  the  history  of  cyanogen.— Mention  the  source  of 
the  cyanogen  of  cyanides.— How  is  Ferrocyanide  of  Potassium  prepared1' 
—What  is  the  formula  of  ferrocyanide  of  potassium  ?— Is  ferrocyanide 
of  potassium  poisonous  ?— Write  an  equation  expressive  of  the  reaction 
which  ensues  when  ferrocyanide  and  carbonate  of  potassium  are  broughl 
together  at  a  high  temperature.— What  are  the  properties  of  cyanogen? 
How  may  it  be  obtained  in  a  pure  condition  ?-How  is  mercuric  cyanide 
prepared  ?  What  other  substances  and  secondary  products  are  formed  at 
the  same  time  ?— How  much  real  hydrocyanic  acid  is  contained  in  (In- 
official Acidum  Hydrocyanicum  Dilutum  ?-<Jive  details  of  toe  prepara- 
tion of  hydrocyanic  acid,  and  an  equation  of  the  reaction.- btate  tno 
proportion  of  water  that  must  be  added  to  an  aqueous  solution  containing 
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15  per  cent,  of  hydrocyanic  acid  to  reduce  the  strength  to  2  per  cent. 
Am  6i  to  1.— What  are  the  characters  of  pure  undiluted  hydrocyanic 
acid"'  "How  may  it  be  obtained  ?— Enumerate  the  tests  for  cyanogen, 
givin'"  equations.— Explain  the  action  of  the  best  antidote  in  cases  of 
poisoning  by  hydrocyanic  acid  or  cyanide  of  potassium.  Show  how  it 
acts  in  alkaline  and  acid  solutions  respectively. 


NITRIC  ACID  AND  OTHER  NITRATES. 

Formula  of  the  Acid,  HN03  or  HON02.  Molecular  weight, 
63. 

Introduction.— The  group  of  elements  represented  by  the 
formula  N03  is  that  characteristic  of  nitric  acid  and  all  other 
nitrates ;  hence  it  is  expedient  to  regard  these  elements  as 
forming  an  acidulous  radical,  which  may  be  termed  the  nitric 
radical.  Like  the  hypothetical  basylous  radical  ammonium, 
(NH4),  this  supposed  acidulous  radical  (N03)  has  not  been 
isolated.  Possibly  it  is  liberated  when  chlorine  is  brought 
into  contact  with  nitrate  of  silver  ;  but  if  so,  its  decomposition 
into  white  crystalline  nitric  anhydride  _(N205)  and  oxygen 
(0)  is  too  rapid  to  admit  of  its  identification. 

Sources—  The  nitrogen  and  oxygen  of  the  air  combine  and 
ultimately  form  nitric  acid  whenever  a  current  of  electricity 
(as  in  the  occurrence  of  lightning)  passes.  The  nitrates  found 
in  rain  may  partly  or  wholly  thus  originate.    The  oxidation 
of  ammoniacal  matter,  and  of  the  nitrogenous  constituents 
of  animal  and  vegetable  matters  in  the  soil,  favoured  by  the 
darkness,  by  the  occurrence  of  carbonate  of  calcium,  and  by 
the  presence  of  some  low  form  of  vegetable  life  acting  as  a 
ferment,  result  in  the  production  of  nitrates.    Hence  nitrates 
are  commonly  met  with  in  waters,  soils,  and  the  juices  of 
plants.    In  the  concentrated  plant  juices,  termed  medicinal 
"  Extracts,"  small  prismatic  crystals  of  nitrate  of  potassium 
may  occasionally  be  observed.    (The  cubical  crystals  often 
met  with  in  extracts  are  chloride  of  potassium.)  Nitric 
acid  and  other  nitrates  are  obtained  from  nitrates  of  potas- 
sium and  sodium,  and  these  from  the  surface  layers  of  the 
soil  of  tropical  countries.     Nitrate  of  potassium,  or  pris- 
matic nitre  (from  the  form  of  its  crystals),  is  chiefly  produced 
in  and  about  the  villages  of  India.    The  natives  simply 
scrape  the  surface  of  waste  grounds,  mud-heaps,  banks,  and 
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other  spots  where  a  slight  incrustation  indicates  the  presence 
of  appreciable  quantities  of  nitre,  mix  the  scrapings  with 
wood-ashes    (carbonate   of   potassium,  to    decompose  the 
nitrate  of  calcium  always  present),  digest  the  mixture  in 
water,  and  evaporate  the  liquor.    The  immediate  product  is 
purified  by  careful  recrystallizations,  and  is  sent  into  com- 
merce in  the  form  of  white  crystalline  masses  or  fragments 
of  striated  six-sided  prisms.    Besides  its  use  in  medicine 
(PotassiiNitras,B.V.),  it  is  employed  in  very  large  quantities 
in  the  manufacture  of  gunpowder.    Nitrate  of  sodium  (Sodii 
Nitras,  B.P.),  the  old  Nitrate  of  Soda,  occurs  in  deposits  from 
3  inches  to  3  yards  in  thickness  on  and  near  the  surface,  and 
at  any  depth  down  to  about  30  feet,  in  many  parts  of  Peru, 
Bolivia,  and  Chili,  but  more  especially  in  the  district  of 
Atacama.     The  mineral  is  termed  caliche,  and  commonly 
contains  BO  per  cent,  of  nitrate  of  sodium.     The  latter  is 
distinguished  as  Chili  saltpetre  or  Chili  nitre,  or  (from  the 
form  of  its  crystals— obtuse  rhomboids,  not  true  cubes)  cubic 
nitre,  and  is  chiefly  used  as  a  manure  and  as  a  _  source  of 
nitric  acid,  its  tendency  to  absorb  moisture  unfitting  it  for 
use  in  gunpowder.     In  many  parts  of  Europe  nitrate  of 
potassium  is  made  artificially  by  exposing  heaps  of  animal 
manure,  refuse,  ashes,  and  soil  to  the  action  of  the  air  and 
the  heat  of  the  sun ;  in  the  course  of  a  year  or  two  the 
nitrogen  of  the  animal  matter  becomes  oxidized  to  nitrates ; 
the  latter  are  removed  by  washing.  According  to  Warington, 
the  nitrifying  ferment  appears  capable  of  existing  m  three 
conditions:  (1)  The  nitric  ferment  of  soil,  which  converts 
both  ammonium  salts  and  nitrites  into  nitrates;  (2)  the 
altered   ferment,   which  converts    ammonium   salts  into 
nitrites,  but  fails  to  change  nitrites  into  nitrates;  and_(d) 
the  surface  organism  (a  bacterium),  which  changes  nitrites 
into  nitrates.    Similar  nitrification  goes  on  m  impure  well 
and  river  waters,  which  thereby  tend  to  become  pure.  _ 

Note. —The  word  nitric  is  from  nitre,  the  English  equivalent 
of  the  Greek  v'trpov  (nitron),  a  name  applied  to  certain  natural 
deposits  of  natron  (carbonate  of  sodium),  for  which  nitrate  oi 
potassium  seems  at  first  to  have  been  mistaken.  Saltpetre  is 
simply  sal  petrai,  salt  of  the  rock,  in  allusion  to  the  natural 
origin  of  nitrate  of  potassium.  Sal  prunella  (from  sal,  a  sa  l  r , 
and  pruna,  a  live  coal)  is  nitrate  of  potassium  melted  over  a 
fire  and  cast  into  cakes  or  bullets. 

The  nitric  radical  is  univalent  (NO./). 
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Constitution  of  Salts. 

It  is  here  necessary  again  to  caution  the  reader  against  re- 
garding salts  as  invariably  possessing  a  known  constitution, 
or  supposing  that  they  always  possess  two  or  more  sides,  or 
contain  definite  radicals.    The  erroneous  conception  which,  of 
all  others,  is  most  likely  to  be  imperceptibly  formed,  is  that 
of  considering  salts  to  be  binary  bodies.   For,  first,  the  names 
of  salts  are  necessarily  binary.    A  student  hears  the  names 
"sulphate  of  iron,"  "sulphate  of  copper,"  and  simultaneously 
receives  the  impression  that  each  salt  has  two  sides,  copper 
or  iron  occupying  one,  and  something  indicated  by  the  words 
"  sulphate  of  "  the  other.    Such  words  as  "  vitriol,"  green  or 
blue,  or  "  nitre,"  would  perhaps  implant  unitary  ideas  in  the 
mind  ;  but  it  is  simply  impossible  to  give  such  names  to  all 
salts  as  will  convey  the  impression  that  each  salt  is  a  whole, 
and  therefore  unitary.    The  name  "sulphate  of  potash" 
produces  binary  impressions  ;  and  the  less  incorrect  _  name, 
"sulphate  of  potassium,"  or  "  potassium  sulphate,"  is  in  this 
respect  no  better.    Secondly,  it  is  impracticable  to  study 
salts  as  a  whole.    Teachers  are  almost  unanimous  in  the 
opinion  that  students  should  first  master  the  reactions 
characteristic  of  the  metals  in  salts,  and  then  the  residues 
which,  with  those  metals,  make  up  the  salts,  and  vice  versd. 
It  is  not  only  impracticable,  but  impossible,  to  study  salts  as 
a  whole  ;  binary  ideas  concerning  them  are  therefore  almost 
inevitably  imbibed.    We  come  to  regard  a  salt  as  a,  body 
which  splits  up  in  one  direction  only  ;  look  upon  nitre,  for 
instance,  and  all  other  nitrates,  as  containing  N08  and  a 
metal,  M ;  whereas  KN08  may  be  split  up  into  KN02  and 
0 ;  or  into  K20,  Na,  and  05 ;  or  may  contain  K20  and  N205. 
These  are  the"  chief  disadvantages  attending  the  employment 
of  the  binary  hypothesis  in  studying  chemical  compounds  : 
if  they  be  borne  in  mind,  the  hypothesis  may  be  freely  used 
without  much  danger  of  permanent  mental  bias.    Thus,  in 
nitre,  let  the  group  of  elements  (N03)  which,  with  potassium, 
makes  up  the  whole  salt,  be  called  the  nitric  radical,  the 
name  of  the  latter  being  directly  derived  from  its  hydrogen 
salt.    Similarly  allow  the  acidulous  residues  of  other  salts 
of  metals  to  be  termed  respectively  the  chloric,  acetic,  sul- 
phurous, sulphuric,   carbonic,   oxalic,  tartaric,  phosphoric, 
citric,  boracic  radicals.    In  short,  these  compound  radicals 
should  be  regarded  as  groupings  common  to  many  salts,  and 
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which  may  usually  be  transferred  without  any  apparent 
breaking  or  splitting ;  at  the  same  time  we  must  be  pre- 
pared to  find  that  occasionally  a  salt  divides  in  other 
directions.  In  this  way  perhaps  erroneous  impressions  will 
gain  least  hold  on  the  mind,  and  a  way  be  left  open  for  the 
easy  entrance  of  new  truths,  should  the  real  constitution  of 
salts  be  discovered. 

Formerly  salts  (such  as  sulphate  of  magnesium)  were 
regarded  as  containing  (a)  an  oxide  of  a  metal  (MgO)  and 
an  anhydride  (S03),  the  latter  being  incorrectly  called  an 
acid  (sulphuric  acid);  or(&)  as  containing  two  simple  radicals 
{e.g.  KI,  NaCl,  KCy,  HgS)— the  former  being  called  oxyacid 
salts  or  oxysalts,  and  the  latter  haloid  salts  (from  aAs,  als, 
sea-salt,  and  etSos,  eidos,  likeness).  Such  distinction  is  no 
longer  maintained,  the  two  classes  being  merged.  This  is 
an  important  educational  gain  on  the  side  of  simplicity ;  for 
whereas  under  the  old  system  much  time  was  necessarily 
expended  before  salts  of  a  metal  and  salts  of  the  oxide  of 
that  metal  could  be  distinguished  (e.g.  KI  and  K20,  S03), 
now,  all  salts  being  regarded  as  salts  of  the  metals  them- 
selves (e.g.  KI  and  K2S04),  no  such  distinction  is  necessary. 

Reactions. 
Nitric  Acid. 

Synthetical  Reaction— To  a  fragment  of  nitrate  of  potas- 
sium or  nitrate  of  sodium  in  a  test-tube  add  a  drop  or  two 
of  sulphuric  acid,  and  warm ;  nitric  acid  (HN03)  is  evolved 
in  vapour.  The  fumes  may  be  condensed  by  a  bent  tube 
fitted  to  the  test-tube,  not  by  a  cork  as  for  hydrochloric  acid 
— because  the  nitric  vapours  would  strongly  act  on  it — but 
by  plaster  of  Paris,  a  paste  of  which  sets  hard  on  being  put 
aside  for  a  short  time,  and  is  unaffected  by  the  acid. 

On  a  somewhat  larger  scale,  nitric  acid  may  be  prepared 
by  heating,  in  a  stoppered  or  plain  retort,  a  mixture  of  equal 
weights  of  nitrate  of  potassium  and  sulphuric  acid;  the 
acid  distils  over,  and  acid  sulphate  of  potassium  remains 
behind : — 

KN03    +    H3S04    =    HN03    +  KHS04 

Nitrate  of  Sulphuric  Nitric  Acid  sulphate 

potassium.  acid.  acid.  of  potassium. 
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Half  the  quantity  of  sulphuric  acid  may  be  taken  ;  but  in 
that  case  neutral  sulphate  of  potassium  (K2S04)  is  produced, 
which,  from  its  hard,  slightly  soluble  character,  is  removed 
with  difficulty  from  the  retort.  On  the  manufacturing  scale, 
the  lesser  proportion  is  used ;  but  instead  of  retorts  iron 
cylinders  are  employed,  from  which  the  residual  salt  is  re- 
moved by  chisels.  Moreover,  the  cheaper  sodiivm  salt  is  the 
nitrate  from  which  manufacturers  usually  prepare  nitric 
acid,  seven  parts  of  nitrate  of  sodium  and  four  of  sulphuric 
acid  being  employed. 

Note. — The  acid  sulphate  of  potassium  is  readily  converted 
into  neutral  sulphate  (Potassii  Sulphas,  B.P.)  by  dissolving 
in  water,  adding  carbonate  of  potassium  until  effervescence 
ceases  to  occur,  filtering,  and  setting  aside  to  crystallize. 

Pure  nitric  acid  (HN03)  is  a  colourless  liquid,  somewhat 
difficult  of  preparation  ;  its  specific  gravity  is  1*52.  The 
strongest  acid  met  with  in  commerce  has  a  sp.  gr.  of  1*5  and 
contains  93  per  cent,  of  real  nitric  acid  (HN03);  it  fumes 
disagreeably,  is  unstable,  and,  except  as  an  escharotic,  is 
seldom  used.  The  British  Pharmacopoeia  contains  two  acids : 
— Acidum  Nitricum,  prepared  as  above,  of  sp.  gr.  1-42,  and 
containing  70  per  cent,  of  real  acid  (HN03);  and  another, 
Acidum  Nitricum  Dilutum,  sp.  gr.  1*101,  containing  nearly 
174(17*44)  per  cent.  Either  of  the  stronger  liquids,  although 
containing'  water,  is  usually  simply  termed  "  nitric  acid." 
The  official  nitric  acid,  of  sp.  gr.  1*42,  is  a  definite  hydrous 
acid  (2HN03,  3H20) ;  it  distils  at  240°  P.  without  change. 
If  a  weaker  acid  be  heated,  it  loses  water  ;  if  a  stronger  acid 
be  heated,  it  loses  nitric  acid,  until  the  density  of  1*42  is 
reached.  Aqua  fortis  is  an  old  name  for  nitric  acid  {Aqua 
fortis  simplex,  sp.  gr.  1*22  to  1*25  ;  Aqua  fortis  duplex, 
1*36).  The  strength  of  a  specimen  of  nitric  acid  is  deter- 
mined by  volumetric  analysis.  Nitric  anhydride  (N20B), 
sometimes,  but  erroneously,  called  anhydrous  nitric  acid, 
is  a  solid  crystalline  substance  formed  on  passing  dry 
chlorine  over  dry  nitrate  of  silver. 

Metals  reduce  nitric  acid  to  nitrous  acid  and  to  the  various 
oxides  of  nitrogen  or  even  to  nitrogen  itself,  according  to  the 
strength  of  acid,  temperature,  and  amount  of  nitrate  present. 
Not  infrequently  nitrate  of  ammonium  is  simultaneously 
formed.    Thus,  with  zinc  — 

10HNO3  +  2Zn2  =  4(Zn2N03)  +  NH4N03  +  3H20. 
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Aqua  Regia. — Three  fluid  ounces  of  nitric  acid  (B.P.), 
four  of  hydrochloric  acid  (B.P.),  and  twenty-five  of  water 
form  the  Acidum  Nitrohydrochloricum  Bilutum  of  the 
British  Pharmacopoeia.  The  mixture  should  be  set  aside  for 
a  week  in  summer  or  a  fortnight  in  winter,  to  insure  mutual 
decomposition  and  full  development  of  the  chief  active  pro- 
duct, chlorine  : — 

2HN03    +    6HC1    =    N202C14?    +    4H20    +  Cl2. 

Nitric  acid.    Hydrochloric  acid.    Chloronitric  gas.  Water.  Chlorine. 

In  the  latter  stages  of  the  reaction,  the  decomposition  ex- 
pressed in  the  following  equation  also  probably  occurs  : — 

HNO3    +    3HC1  NOC1    +    2H20    +  Cl2. 

Nitric  acid.    Hydrochloric  acid.    Chloronitrous  gas.       Water.  Chlorine. 

The  undiluted  mixture  of  acids  is  known  as  aqua  regia, 
from  its  property  of  dissolving  gold,  the  "  king  of  metals."  _ 

"Diluted  nitrohydrochloric  acid"  may  attack  organic 
matter  with  evolution  of  nitrous  gases,  hence  should  not  be 
dispensed  with  tinctures,  etc.,  without  further  dilution. 

Analytical  Reactions  (Tests). 

First  Analytical  Reaction— -To  a  solution  of  any  nitrate 
(e.g.  KN08)  add  sulphuric  acid,  and  then  copper  turnings, 
and  warm ;  colourless  nitric  oxide  gas  (NO)  is  evolved,  which 
at  once  unites  with  the  oxygen  in  the  tube,  giving  red  fumes 
of  nitric  peroxide  or  peroxide  of  nitrogen  (N02). 

2KN03  +  5H2S04  +  Cu3  =  2NO  +  3CuSO,  +  4H20  + 
2KHS04 ;  then  2NO  +  02  =  2N02. 

Performed  on  a  larger  scale,  in  a  vessel  to  which  a  delivery- 
tube  is  attached,  the  reaction  of  nitric  acid  on  copper  becomes 
of  synthetical  interest,  being  the  process  for  the  preparation 
of  nitric  oxide  gas  for  the  purposes  of  chemical  experiment. 

Small  amounts  of  a  nitrate  may  be  overlooked  by  tins  test, 
the  colour  of  the  red  fumes  not  being  very  intense.  _ 

Undiluted  nitric  acid  poured  on  to  copper  turnings  gives 
dense  red  vapours  of  nitrous  acid  (HN08),  nitroiis  anhydrnh 
(NoOA  nitric  peroxide  (N02),  nitric  oxide  (NO),  and  even 
nitrogen  (N2),  the  reaction  varying  somewhat  according  to 
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the  temperature  of  the  mixture  and  (Ackworth)  the  amount 
of  nitrate  of  copper  in  solution.    With  ordinary  copper,  di- 
luted nitric  acid  gives  nitric  oxide,  Cu3  +  8HN03  =  3  (Cu2N03) 
+  4H20  +  2NO. 

Second  Analytical  Reaction.— To  a  cold  solution  of  a 
nitrate,  even  if  very  dilute,  add  three  or  four  crystals  of 
sulphate  of  iron,  shake  gently  for  a  minute,  in  order  that 
some  of  the  sulphate  may  become  dissolved,  and  then  pour 
eight  or  ten  drops  of  strong  sulphuric  acid  down  the  side  of 
the  test-tube,  so  that  it  may  form  a  layer  at  the  bottom  of 
the  vessel ;  a  reddish  purple  or  black  coloration  will  appear 
between  the  acid  and  the  supernatant  liquid. 

This  is  a  very  delicate  test  for  the  presence  of  nitrates. 
Nitrites  give  the  reaction  without  the  stilphuric  acid.  The 
black  colour  is  due  to  a  solution  or,  perhaps,  combination  of 
nitric  oxide  with  a  portion  of  the  ferrous  salt.  The  nitric 
oxide  is  liberated  from  the  nitrate  by  the  reducing  action  of 
the  hydrogen  of  the  sulphuric  acid,  the  sulphuric  radical  of 
which  is  absorbed  by  another  portion  of  the  ferrous  sulphate, 
the  latter  then  becoming  ferric  sulphate. 

2HN03  +  3H2S04  +  6FeS04=  4H20  +  3  (Fe23S04)  +  2NO. 

The  process  of  oxidation  is  one  frequently  employed  in  ex- 
perimental chemistry  ;  and  nitrates,  from  their  richness  in 
oxygen,  but  more  especially  because  always  at  hand,  are  the 
oxidizers  usually  selected  for  the  purpose.  In  the  operation 
they  generally  split  up  in  one  way,  namely  into  oxide  of 
their  basylous  radical,  nitric  oxide  gas,  and  available  oxygen. 
Thus  hydrogen  nitrate  (.nitric  acid)  commonly  yields  oxide  of 
hydrogen  (water)  and  the  other  bodies  mentioned,  as  shown 
in  the  following  equation  : — 

4HN03  =  2H20  +  4NO  +  303. 

When  nitrates,  other  than  nitric  acid,  are  used  for  the 
purpose  of  oxidation,  a  stronger  acid,  generally  sulphuric,  is 
commonly  added  in  order  that  nitric  acid  may  be  formed, 
the  hydrogen  nitrate  splitting  up  more  readily  than  other 
nitrates. 
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The  five  oxides  of  nitrogen  have  now  been  mentioned, 
namely  : — 

Nitrous  oxide   N20  \  f  N20 

Nitric  oxide*   NO  N202 

Nitrous  anhydride   N203  Vor-<  N203 

Nitric  peroxide*   N02  N204 

Nitric  anhydride   N20  J  \820b 

Nitrous  oxide  is  a  colourless  gas,  not  altered  on  exposure 
to  air  ;  nitric  oxide  is  also  colourless,  but  gives  red  fumes  in 
the  air ;  nitrous  anhydride  is  a  red  vapour  condensible  to  a 
blue  liquid ;  nitric  peroxide  is  a  red  vapour  condensible_  to 
an  orange  liquid  ;  nitric  anhydride  is  a  colourless  crystalline 
solid.  The  two  anhydrides,  by  absorbing  water,  yield  re- 
spectively nitrous  acid  (HN02)  and  nitric  acid  (HN03). 
Nitrous  oxide  is  also  probably  an  anhydride,  the  acid  of 
which  would  doubtless  have  the  formula  HNO,  while  the 
silver  and  sodium  salts  certainly  have  the  formulae  AgNO 
and  NaNO,  3H20  (Divers  ;  Menke).  The  above  series  of 
compounds  forms  a  good  illustration  of  the  doctrine  of 
multiple  proportions  (p.  46). 

Third  Analytical  Reaction.— Direct  the  blowpipe-flame  on 
to  charcoal  until  a  spot  is  red-hot ;  now  place  on  the  spot  a 
fragment  of  a  nitrate  ;  deflagration  ensues. 

This  reaction  does  not  distinguish  nitrates  from  chlorates. 
It  is  sufficient  for  the  recognition  of  very  small  quantities 
of  either  class  of  salts,  especially  when  they  are  mixed  with 
other  substances. 

Gunpowder  is  an  intimate  mechanical  mixture  of  75  parts 
of  nitre,  15  to  12J  parts  of  charcoal,  and  10  to  12i  parts  of 
sulphur.  In  burning  it  may  be  said  to  give  sulphide  at 
potassium  (the  white  smoke,  K2S),  nitrogen  (N)  carbonic 
oxide  (CO),  and  carbonic  acid  (C02)  gases,  though  the  decom- 
position is  seldom  complete.  The  sudden  production  of  a 
ar-e  quantity  of  highly  heated  gas  from  a  small  q^titV 
of  a  cold  solid  is  sufficient  to  account  for  all  the  effects  of 
gunpowder. 

*  The  speoific  gravities  of  these  gases  indicate  that  NO  and  NOs  are 
the  correct  formula},  and  not  NsOa  and  Na04. 
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Fourth  Analytical  Reaction— To  nitric  acid  or  other 
nitrate  add  solution  of  "sulphate  of  indigo;"  the  colour 
(indigotin-disulphonic-acid,  C1(5H8(HS03)2N202)  is  discharged. 

"Solution  of  Sulphate  of  Indigo,"  B.P.  (Sulphindylic  or 
Sulphindigotic  Acid),  is  made  by  digesting  5  grains  of  dry 
finely  powdered  indigo  in  a  small  quantity  of  strong  sul- 
phuric acid  in  a  test-tube  for  an  hour,  the  mixture  being 
kept  hot  by  a  water-bath ;  the  blue  liquid  is  then  poured 
into  10  ounces  of  sulphuric  acid,  the  whole  well  shaken,  set 
aside,  and  the  clear  liquid  decanted.  Free  chlorine  also 
destroys  the  colour  of  this  reagent. 

Indigo,  B.P.  (C16H10N2O2),  is  a  blue  colouring- matter  de- 
posited when  infusion  of  various  species  of  Indigofera  is 
exposed  to  air  and  slight  warmth.    Under  these  circum- 
stances, indican,  a  yellow,  transparent,  amorphous  substance, 
soluble  in  water,  breaks  up  into  indigo,  which  is  insoluble 
and  falls  as  a  sediment,  and  a  sort  of  sugar  termed  indi- 
glucin.    The  indigo  is  collected,  drained,  pressed,  and  dried. 
By  action  of  deoxidizing  agents  indigo  is  converted  into 
soluble  colourless  indigogen,  reduced  indigo,  or  indigo  white: 
1  part  of  powdered  indigo,  2  of  green  sulphate  of  iron,  3 
of  slaked  lime,  and  200  of  water,  shaken  together  and  set 
aside  in  a  well-closed  bottle,  gives  this  colourless  indigo 
(C16H12N202).    A  piece  of  yarn,  calico  or_  similar  fabric, 
dipped  into  such  a  solution  and  exposed  to  air,  becomes  dyed 
blue,  deposition  of  insoluble  indigo-blue  occurring  within  the 
cells  and  vessels  of  the  fibre.    This  operation  is  readily  per- 
formed on  the  small  scale,  and  forms  an  illustration  of  a 
characteristic  feature  of  the  art  of  dyeing— namely,  the  in- 
troduction of  soluble  cokraring-matter  into  a  fabric  by  per- 
meation of  the  walls  of  its  cellular  and  vascular  tissue,  and 
the  imprisonment  of  that  colouring-matter  within  the  cells 
and  vessels  by  conversion  into  a  solid  and  insoluble  form 
{vide  also  page  156).    Indigo  is  probably  a  derivative  of 
benzene. 

Pure  indigo,  or  indigotin,  may  be  obtained  in  beautiful 
needles  by  spreading  a  paste  of  indigo  and  plaster  of  Paris 
on  a  tin  plate,  and  when  quite  dry  placing  a  lamp  under- 
neath, moving  the  latter  from  place  to  place  as  the  indigo 
sublimes  and  condenses  on  the  surface  of  the  plaster.  It 
may  also  be  obtained  in  crystals  by  gently  boiling  finely 
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powdered  indigo  with  aniline,  filtering  while  hot,  and  setting 
aside;  these  crystals  may  he  washed  with  alcohol.  Hot 
paraffin  may  he  employed  instead  of  aniline.  Indigo  may  be 
produced  artificially.  Toluene,  from  coal-tar,  is,  by  Perkin's 
process,  converted  into  cinnamic  acid,  this  into  a  nitro- 
derivative,  and  this  again  into  orthonitrophenylpropiolic 
acid.  From  the  latter,  alkali  and  grape  sugar  deposit  crys- 
talline indigo  (Baeyer). 

Distinction  between  nitric  acid  and  other  nitrates— Pre- 
sence of  the  nitric  radical  in  a  solution  having  been  proved 
by  the  above  reactions,  its  occurrence  as  the  nitrate  of  a 
metal  is  demonstrated  by  the  neutral,  or  nearly  neutral, 
deportment  of  the  liquid  with  test-paper  and  the  detection  of 
the  metal— its  occurrence  as  nitric  acid  by  the  sourness  of 
the  liquid  to  the  taste,  and  the  strong  effervescence  produced 
on  the  addition  of  a  carbonate. 

Antidote.— In  cases  of  poisoning  by  strong  _  nitric  acid, 
solution  of  carbonate  of  sodium  (common  washing  soda)  or 
magnesia  and  water  may  be  administered  as  antidotes. 


QUESTIONS  AND  EXEECISES. 

Trace  the  origin  of  nitrates.-In  what  does  cubic  nitre  differ  from  pris- 
matic nitre?— Describe  a  process  by  which  nitrate  of  potassium  may  be 
obtained  artificially—State  the  difference  between  nitrate  of  potassium, 
nitre,  saltpetre,  and  sal  prunella.-What  group  of  elements  «  character- 
istic of  all  nitrates?  and  what  claim  has  this  group  to  the  title  of 
radical  ?-Mention  the  usual  theory  regarding  the  manner  in  which 
atoms  are  arranged  in  reference  to  each  other  in  such  sate  as  n t ate 
of  potassium.-How  is  the  official  nitric  acid  prepare*?— Owe .the  pro- 
perties  of  nitric  acid.-What  reactions  occur  when  strong  n.tnc  a  d 
hydrochloric  acids  are  mixed  ?-How  is  nitric  ox.de  prepared  ?-Emune- 
S  and  explain  the  tests  for  nitrates.-Into  what  ^rtng-dM^ 
acid  usually  split  when  employed  as  an  oxidizing  agent  ? -H^  i »  ' 
oxide  prepared  ?-Enumerate  the  five  oxides  of  mtromn.— What  is  the 
nature  o  gunpowder  ?-Write  a  few  sentences  on  the  chemistry  o 
hid  go  one  of  the  tests  for  nitric  acid.-How  is  nitric  acid  distanced 
romofte -nitrates?- What  quantity  of  cubic  nitre  will  be  wpuxed  to 
produce  ten  carboys  of  official  nitric  acid,  each  containing  114  lb.. 
Am.,  l,076i|  lbs. 


HYPOCHLORITES. 


341 


CHLORIC  ACID  AND  OTHER  CHLORATES. 

Formula  of  the  Acid,  HC103  or  C102OH.    Molecular  weight, 
84-5.    Chlorates  (p.  342)  are  made  from  hypochlorites. 

Hypochlorous  Acid  (HC10  or  C10H)  and  other  Hypochlorites. 

Place  a  few  grains  of  red  oxide  of  mercury  in  a  test-tube, 
half  fill  the  tube  with  chlorine  water,  and  well  shake  the 
mixture ;  the  resulting  liquid  is  a  solution  of  hypochlorous 
acid,  mercuric  oxy chloride  remaining  undissolved  : — 

2HgO  +  2C12  +  H30  =  2HC10  +  Hg2OCl2. 

By  the  metathesis  (double  decomposition)  of  hypochlorous 
acid  and  oxides  or  hydrates,  other  pure  hypochlorites  are 
formed :— HCIO  +  NaHO  =  NaC10  +  H20. 

The  direct  action  of  chlorine  on  metallic  hydrates  and  some 
carbonates  is  supposed  to  give  a  compound  of  chloride  and 
hypochlorite,  as  described  in  connection  with  the  synthetical 
reactions  of  calcium  (page  125,  Calx  Clilorinata,  B.P.). 
(See  also  page  93,  Liquor  Sodce  Ohlorinatce,  B.P.) 

Cl2  +  2NaHO    =  NaCl,  NaCIO    +  H20 ; 
2C12  +  2CaH202  =  CaCl2,  Ca2C10  +  2H20. 

The  condition  of  the  chlorine  in  these  bodies  is  not  satisfac- 
torily made  out ;  so  that  their  constitution  is  not  definitely 
determined.  The  action  of  acids  on  them  results  in  the 
evolution  of  chlorine  ;  hence  the  great  value  of  the  calcium 
compound  (chlorinated  lime,  or  chloride  of  lime)  in  bleaching 
■  operations : — 

CaCl2,  Ca2C10  +  2H2S04  =  2C12  +  2CaS04  +  2H20. 

The  solubility  of  hypochlorites  in  water,  their  peculiar  odour, 
greatly  intensified  on  the  addition  of  acid,  and  their  bleach- 
ing powers  (see  the  above  calcium  reaction)  are  the  characters 
on  which  to  rely  in  searching  for  hypochlorites. 
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Chlorates. 

The  group  of  elementary  atoms  represented  by  the  formula 
C103  is  that  characteristic  of  chloric  acid  and  all  other 
chlorates ;  hence  it  is  expedient  to  regard  it  as  being  an 
acidulous  radical,  which  may  be  termed  the  chloric  radical. 
Like  the  nitric  radical,  it  has  not  been  isolated.  Chloric 
anhydride  (C1205),  unlike  nitric  anhydride,  has  not  yet  been 
obtained  in  the  free  condition. 

Chlorates  are  artificial  salts.  They  are  formed  by  simply 
boiling  aqueous  solutions  of  the  common  bleaching  salts 
(chlorinated  lime,  chlorinated  soda,  chlorinated  potash). 
Heat  thus  converts — 


3(NaCl,  NaCIO) 

Chlorinated  soda. 


into 


I 


3(KC1,  KCIO)  I 

Chlorinated 

potash.  J 

3(CaCl3,  Ca2C10) 

Chlorinated 
lime. 


into 


into 


NaC103 

Chlorate 
of  sodium. 

KCIO3 

Chlorate 
of  potassium. 

{  Ca2C103 

j  Chlorate 
[     of  calcium. 


and 


1 


5NaCl 

Chloride  of 
(  sodium. 

5KC1 

Chloride  of 
poiassium. 

f  5CaCl2 

and   j  chloride 
(   of  calcium. 


and 


One  chlorate  may  also  be 
decomposition.  In  making 
rinated.  salt  is,  of  course,  at 


made  from  another  by  double 
chlorates  economically  the  chlo- 
once  converted  into  chlorate. 


Chlorate  of  Potassium. 

Thus,  Chlorate  of  Potassium  (Potassii  Cliloras,  B.P.),  the 
old  Chlorate  of  Potash,  is  commercially  made  by  saturating 
with  chlorine  gas  a  moistened  mixture  of  3  parts  of  chloride 
of  potassium  and  10  of  slaked  lime,  and  well  boiling  the 
product.  Chlorinated  lime  is  first  formed  ;  this,  on  con- 
tinued boiling  with  water,  splits  up  into  chloride  of  calcium 
and  chlorate  of  calcium  ;  and  the  latter  reacting  on  the 
chloride  of  potassium  yields  chloride  of  calcium  and  chlorate 
of  potassium. 

6(Ca2HO)  +  6C12    =    3(CaCl2,  Ca2C10)  +  GH20  ; 
3(CaCl2,  Ca2C10)    =    Ca2C103  +  5CaCl2 ; 
Oa2Cl8,  +  2KC1   =   CaCl2  +  2KCIO, 
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The  operation  may  be  conducted  on  a  small  scale  by  rubbing 
;  together  in  a  mortar  the  above  proportions  of  ingredients 
,  bounces  or  half-ounces,  adding  enough  water  to  make  the 

■  whole  assume  the  character  of  damp  lumps,'  placing  the 
,  porous  mass  in  a  funnel  (loosely  plugged  with  stones  or 
,  pieces  of  glass)  and  passing  chlorine  gas  (p.  21)  up  through 

•  the  mass  by  attaching  the  tube  delivering  the  gas  to  the 
neck  of  the  funnel.    When  the  whole  mass  has  become  of  a 

•  slight  pink  tint  (due  to  a  trace  of  permanganate)  it  should  be 

•  turned  into  a  dish,  well  boiled  with  water,  filtered,  the  filtrate 
.evaporated  if  necessary,  and  set  aside;  the  chlorate  of 

■  potassium  crystallizes  out  in  colourless  rhomboidal  plates, 
i  chloride  of  calcium  remaining  in  the  mother-liquor. 

In  the  official  process,  carbonate  of  potassium  is  alluded 
to  as  being  used  in  place  of  chloride  ;  but  otherwise  the 
method  is  similar  to  that  just  described.    Chlorinated  potash 
;  and  chlorinated  lime  are  first  formed — 

K2C03  +  Ca2HO  +  Cl2  =  KC1,  KCIO  +  CaC03  +  H20 
6(Ca2HO)  +  6C12  =  3(CaCl2,  Ca2C10)  +  6H20 ; 

these  on  boiling  with  water  split  up  into  chlorates  and 
i  chlorides — 

3(KC1,KC10)      =    KCIO3     +  5KC1 
3(CaCl2,  Ca2C10)  =    Ca2C103  +  5CaCl2, 

the  whole  of  the  chloride  of  potassium  and  chlorate  of 
calcium  finally  yielding  chlorate  of  potassium  and  chloride 
of  calcium, — 

2KC1    +    Ca2C103    =    CaCl2    +  2KC103. 

Neglecting  intermediate  decompositions,  the  reactions  may 
be  represented  by  the  following  equation  :— 

6C12       +        K2C03        +  6CaH202 

Chlorine.  Carbonate  of  potassium.        Hydrate  of  calcium. 

2KC103    +    CaC03    +    5CaCl2    +  6H20 

Ohlorate  of  Carbonate  of         Chloride  of  Water, 

potassium,  calcium,  calcium, 
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Chlorate  of  Sodium  (Sodii  Chloras,  U.S.P.),  NaC103,  is 
similarly  prepared. 

Chlorate  of  potassium  is  soluble  in  water  to  the  extent  of 
6  or  7  parts  in  100  at  common  temperatures.  It  is  usually 
administered  medicinally  in  aqueous  solution,  sometimes  also 
in  lozenges  (Trochisci  Potassii  Chloratis,  B.P.).  Chlorate  of 
potassium  must  on  no  account  be  rubbed  with  sulphur  or 
sulphides,  in  a  mortar  or  otherwise,  friction  of  such  a  mixture 
resulting  in  violent  explosion. 

Chlorate  of  potassium,  when  heated,  yields  chloride  of 
potassium  and  oxygen,  and  is  the  salt  commonly  employed 
in  the  preparation  of  the  gas  for  experimental  purposes. 
But  if  the  action  be  carried  on  at  as  low  a  temperature  as 
possible,  and  be  arrested  when  one  hundred  parts  of  the 
chlorate  have  (Teed)  yielded  7-84  parts  of  oxygen,  the 
residual  salt  will  be  found  to  contain  only  perchlorate  of 
potassium  (KC10.t)  and  chloride  ;  10KC103=6KC104  +  4KC1 
+  302.  A  higher  temperature  causes  the  decomposition  of 
the  perchlorate;  KC104=KCl  +  202.  When  the  chlorate  is 
heated  with  peroxide  of  manganese,  no  perchlorate  is  formed. 

Perchloric  acid  (HC104).— Crude  perchlorate  of  potassium 
obtained  as  just  indicated,  is  boiled  (in  a  fume-cupboard) 
with  hydrochloric  acid  to  decompose  any  chlorate  that  may 
be  remaining,  and  then  separated  from  chloride  by  washing 
and  crystallization,  chloride  being  far  more  soluble  in  water 
than  perchlorate.  Perchloric  acid  is  then  obtained  by  distil- 
ling the  perchlorate  of  potassium  with  sulphuric  acid ;  it  is 
stable,  and  is  occasionally  administered  in  medicine. 

Chloric  acid  (HC103)  may  be  isolated,  but  is  unstable, 
quickly  decomposing  into  chlorine,  oxygen,  and  perchloric 
acid;  some  other  chlorate  (e.g.  KC103)  must  therefore  be 
used  in  studying  the  reactions  of  the  chloric  radical. 


Tlie  chloric  radical  is  univalent  (C103').  The_  aciduL 
radicals  of  the  other  chlorine  acids  are  also  univalent, 
indicated  in  the  foregoing  formulae, 


Table  of  the  Chlorine  Acids. 


Hydrochloric  acid  . 

Hypochlorous  acid  . 

Chlorous  acid.    .  . 

Chloric  acid   .    .  . 

Perchloric  acid   .  . 


HC1. 

HC10. 

HC102. 

HC103. 

HC104. 
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Analytical  Reactions  (Tests). 

First  Analytical  Reaction.— To  solution  of  a  chlorate 
{e.g.  chlorate  of  potassium)  add  solution  of  nitrate  of  silver ; 
no  precipitate  falls,  showing  that  the  chlorine  must  be 
performing  different  functions  from  those  it  possesses  in 
chlorides.  Evaporate  the  solution  to  dryness,  and  place  the 
residue  in  a  small  dry  test-tube,  or  at  once  drop  a  fragment 
of  a  chlorate  into  a  test-tube,  and  heat  strongly  ;  oxygen  is 
evolved,  and  may  be  recognised  by  its  power  of  reinflaming 
an  incandescent  match  inserted  in  the  tube.  Boil  the  residue 
with  water,  and  again  add  solution  of  nitrate  of  silver;  a 
white  precipitate  falls,  having  all  the  characters  of  chloride 
of  silver,  as  described  under  hydrochloric  acid. 

Second  Analytical  Reaction— To  a  fragment  of  a  chlorate 
add  two  or  three  drops  of  strong  sulphuric  acid  ;  an  explosive 
gas  (C1204)  is  evolved,  somewhat  resembling  chlorine  in 
odour,  but  possessing  a  deeper  colour  than  that  element. 

3KC103  +  H2S04  =  C1204  +  KC104  +  K2S04  +  H20. 

Warm  the  upper  part  of  the  test-tube  to  150°  or  200°  F.,  or 
introduce  a  hot  wire ;  a  sharp  explosion  ensues,  due  to  de- 
composition of  the  gas,  peroxide  of  chlorine,  into  its  elements. 

Third  Analytical  Reaction.— Beat  a  small  fragment  of  a 
chlorate  with  hydrochloric  acid  ;  a  yellowish-green  explosive 
gas,  termed  euchlorine,  is  evolved.  Its  colour  is  deeper  than 
that  of  chlorine,  hence  the  name  (from  ev,  eu,  well,  and 
xAwpo?,  chloros,  green).  In  odour  it  resembles  chlorine,  and 
is  probably  a  mixture  of  that  element  with  one  of  the  oxides 
of  chlorine. 

Fourth  Analytical  Reaction. — Direct  the  blowpipe-flame  on 
to  charcoal  until  a  spot  is  red-hot,  and  then  place  on  the 
spot  a  fragment  of  a  chlorate  ;  deflagration  ensues,  as  with 
nitrates. 
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Bromates. 

Bromates  are  salts  closely  resembling  chlorates  and  iodates. 
The  formula  of  Bromic  Acid  is  HBr03.  The  presence  of 
bromates  in  bromides  is  shown  by  the  production  of  a  yellow 
colour  on  the  addition  of  diluted  sulphuric  acid. 

5KBr  +  KBrO„  +  3H2S04  =  3K2S04  +  3H20  +  3Br2. 


Iodates. 

Iodic  Acid  (HI03). — Iodine  is  warmed  in  a  flask  with  five 
times  its  weight  of  the  strongest  nitric  acid  (sp.  gr.  1*5),  in 
a  fume-cupboard,  until  all  action  ceases.  On  cooling,  iodic 
acid  separates  in  small  pyramidal  crystals.  These  are  re- 
moved, the  residual  liquid  evaporated  to  dryness  to_  remove 
excess  of  nitric  acid,  the  residue  and  the  first  crop  dissolved 
in  a  small  quantity  of  boiling  water,  and  the  solution  set 
aside  to  crystallize. 

Iodate  of  Potassium  (KI03).— Powder  equal  weights  oi 
iodine  and  chlorate  of  potassium  ;  to  the  mixture  add_  twice 
its  weight  of  water  and  about  one-eighth  of  its  weight  of 
nitric  acid;  warm  the  whole  until  iodine  disappears,  and 
evaporate  to  dryness  over  a  water-bath.  The  residue,  dis- 
solved in  water,  forms  the  reagent  "Solution  of  Iodate  of 
Potassium."    It  contains  nitrate  of  potassium. 

In  this  reaction  the  small  quantity  of  nitric  acid  furnishes 
corresponding  amounts  of  nitrate  of  potassium  and  chloric 
acid  This  chloric  acid  with  iodine  gives  iodic  acid  and 
chlorine  ;  thus  :-2HC103  + 12= 2HI03  +  Cl2.  The  iodic  acid 
and  more  chlorate  of  potassium  then  yield  more  chloric  acid 
and  iodate  of  potassium  :-HI03  +  K0103  =  HC103  +  KI03  ; 
and  the  two  reactions  alternate  until  the  whole  of  the  iodine 
has  displaced  the  whole  of  the  chlorine.  But  according  to 
Millon,  1843,  and  Bassett,  1890,  even  still  more  complicated 
reactions  occur.  . 

Iodate  of  potassium  and  sulphurous  acid  decompose  eacfl 
other  with  elimination  of  iodine  (or  with  formation  of  a  blue 
colour  if  starch  be  present).  Sulphurous  acid  occurring  as 
an  impurity  in  acetic  and  other  acids  may  thus  be  detected. 

2KI03  +  5H2S03  =  I2  +  3H2S04  +  2KHS04  +  H20. 
Ferric  Iodate,  or  rather  Oxyiodate  (Fe204I03,  8H„0),  is 
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^precipitated  on  adding  solution  of  ferric  chloride  to  solution 
^of  iodate  of  potassium. 


QUESTIONS  AND  EXERCISES. 

How  may  hypochlorous  acid  be  formed  ? — What  are  the  relations  of 
-.hypochlorous  acid  to  bleaching-powder  ? — By  what  reaction  is  chlorine 
eliminated  from  hypochlorites? — State  the  general  reaction  by  which 
chlorates  are  formed.— Give  details  of  the  preparation  of  chlorate  of 
potassium.— Mention  the  properties  of  chlorate  of  potassium.— What 
decompositions  occur  when  chlorate  of  potassium  is  heated  ?— Find  the 
i molecular  weight  of  chlorate  of  potassium. — What  weight  of  oxygen  is 
v yielded  when  1  oz.  of  chlorate  of  potassium  is  completely  decomposed? 
.and  how  much  chloride  of  potassium  remains? — One  hundred  cubic 
;inches  of  oxygen,  at  60°  F.  and  barometer  at  30  inches,  weighing  34-203 
j  grains,  and  one  gallon  containing  277J  cubic  inches,  what  weight  of 
g  chlorate  of  potassium  will  be  required  to  yield  10  gallons  of  the  gas  ? 
Ans.,  5$  oz.— How  many  cubic  inches  of  oxygen  are  producible  from 
1 1  oz.  of  chlorate  of  potassium  ?— Calculate  the  weight  of  chlorate  of 
t  potassium  theoretically  obtainable  from  100  parts  of  chloride. — How  is 
i perchloric  acid  prepared? — Enumerate  the  chlorine  acids. — How  may 
the  presence  of  chlorides  in  chlorates  be  demonstrated? — Mention  the 
I  tests  for  chlorates.— Give  the  formula  of  peroxide  of  chlorine. — What  is 
?  euehlorine  ?  —  How  may  iodic  acid  be  made  ? — Describe  the  preparation  of 
i  iodate  of  potassium. 


ACETIC  ACID  AND  OTHER  ACETATES. 

Formula  of  Acetic  Acid,  H02H302.    Molecular  weight,  60. 

Source. — Acetic  acid  is  said  to  occur  naturally  in  certain 
|  plant-juices  and  animal  fluids  in  minute  proportions,  but 
otherwise  is  an  artificial  product.  Much  is  furnished  by  the 
destructive  distillation  of  wood.  When  first  discovered  this 
■  was  regarded  as  a  new  acid,  and  was  named  pyroligneous 
acid,  a  hybrid  word  from  ivvp,  pur,  fire,  and  lignum,  wood, 
a  term  still  retained  for  the  crude  acid.    The  latter,  neu- 

•  tralized  by  carbonate  of  calcium,  the  whole  evaporated  and 

•  the  residue  gently  heated  to  drive  off  volatile  tarry  matters, 
.  gives  acetate  of  calcium,  which  after  conversion  into  acetate 

of  sodium  and  recrystallization  furnishes  by  distillation  with 
sulphuric  acid  and  water  acetic  acid  in  a  state  of  purity. 
Diluted  acetic  acid  is  white  vinegar,  one  of  the  now  many 
varieties  of  vinegar.  It  has  been  known  as  wood  vinegar 
for  the  past  sixty  years.  It  is  generally  coloured  brown 
with  caramel  to  meet  the  taste  of  the  public.    In  Germany 


348 


SALTS  OF  ACIDULOUS  RADICALS. 


and  France  large  quantities  of  acetic  acid  are  made  by  the 
spontaneous  oxidation  of  the  alcohol  in  inferior  wines,  in  the 
presence,  according  to  Pasteur,  of  a  plant-ferment  termed 
Mycoderma  Aceti  (the  Bacterium  Mycodermi  of  Cohn) ; 
hence  the  white-  and  red-wine  vinegar  (vinegar,  from  the 
French  vin,  wine,  and  aigre,  sour).  Indeed,  this  bacterium 
may  be  propagated,  and  the  artificial  manufacture  of  vinegar 
from  alcohol  and  water  be  carried  out,  by  its  aid,  on  a  larger 
scale.  In  England  also  the  domestic  form  of  acetic  acid 
(brown  vinegar)  commonly  has  an  alcoholic  origin :  infusion  of 
malt  and  unmalted  grain,  or  sometimes  the  latter  alone  after 
treatment  with  sulphuric  acid,  is  fermented  ;  and  the  result- 
ing alteration  of  its  sugar,  instead  of  being  arrested  when 
the  product  is  an  alcoholic  liquid,  a  sort  of  beer,  is  allowed 
to  go  on  to  the  next  stage,  acetic  acid ;  it  usually  contains 
from  3  to  6  per  cent,  of  real  acetic  acid  (HC2H302).  Different 
strengths  of  vinegar  are  sold  under  the  numbers,  16,  18,  20, 
22,  and  24,  corresponding  to  the  number  of  grains  of  anhy- 
drous carbonate  of  sodium  neutralized  by  one  imperial  fluid 
ounce  of  the  vinegar.  All  of  these  "brewed  vinegars" 
are  further  coloured,  with  caramel,  to  suit  the  popular  taste. 
Vinegar  is  a  generic  term  applicable  to  any  one  or  to  all 
varieties.    Its  essential  component  is  acetic  acid. 

Official  Vinegars.— The  official  "  vinegar  "  (Acetum,  B.P.) 
contains  5£  (5'41)  per  cent,  of  acidv  The  so-called  Vinegar 
of  Cantharides  (Acetum  Cantharidis,  B.P.)  is  a  solution  of 
the  active  principle  of  cantharides  in  very  strong  acetic 
acid,  not  in  official  vinegar.  The  Vinegars  of  Squill  (Acetum 
Scillm,  B.P.),  and  of  Ipecacuanha  (Acetum  Ipecacuanha, 
B.P.),  contain  diluted  acetic  acid,  that  is,  ivood  vinegar, 
not  the  official  "  vinegar,"  which  is  that  made  from  malted 
and  unmalted  grain,  commonly  1  part  of  the  former  to  3  of 
the  latter.  In  the  Pharmacopoeia,  "vinegar,"  except  rare 
occasional  use  for  its  own  sake,  is  only  employed  in  the 
preparation  of  Emplastrum  Saponis  Fuscum. 

The  Acetic  Radical.— The  group  C2H302'  is  that  charac- 
teristic of  acetic  acid  and  other  acetates.    It  is  univalent. 

Acetyl.— The  characteristic  group  in  acetates  (C2H302)  is 
considered  to  contain,  rather  than  to  be,  a  radical— the  radi- 
cal C2H30,  termed  acetyl.  Acetates  yield  a  body  having  the 
composition  C2H30C1,  which  is  regarded  as  chloride  of 
acetyl ;  from  this  may  be  obtained  acetic  anhydride  (U4MfiU:1), 
which,  by  absorbing  water,  becomes  acetic  acid. 
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$J8}°  cah}°  c*b$}° 

Chloride  of  Acetic  Acetic  acid.  Metallic 

acetyl.  anhydride.  acetates. 

The  quantitative  relation  of  acetic  acid  to  alcohol  will  be 
e  evident  from  the  following  equation,  representing,  empiri- 
cally, the  formation  of  the  acid  : — 

C2H60  +  02  =  C2H402  +  H20. 

Alcohol.  Acetic  acid. 

Acetates  in  aqueous  solution  are  liable  to  decomposition. 
Iln  solution  of  acetate  of  morphine  a  myceloid  growth  occa- 
sionally forms,  acetic  acid  disappears,  and  morphine  is  de- 
posited. Solution  of  acetate  of  ammonium  is  liable  to  a 
< similar  change,  gradually  becoming  alkaline. 

Synthetical  Reaction. 
Acetic  Acid. 

To  a  few  grains  of  acetate  of  sodium  in  a  test-tube  add  a 
'little  water  and  some  sulphuric  acid,  and  heat  the  mixture  ; 
nacetic  acid  is  evolved,  and  may  be  condensed  by  a  bent  tube 
aadapted  to  the  test-tube  by  a  cork  in  the  usual  way. 

Acetic  Acid. — This  is  the  process  by  which  acetate  of 
sodium  or  calcium  (the  neutralized  products   of  the  dis- 
tillation of  wood)  is  made  to  yield  acetic  acid  on  the  large 
s.scale.    As  with  nitric  and  hydrochloric  acids,  the  loose  term 
acetic  acid  "  is  that  usually  applied  to  aqueous  solutions  of 
acetic  acid.    The  Acidum  Aceticum,  B.P.,  contains  about  33 
>per  cent,  of  real  acid,  that  is,  of  HC2H302 ;  for  it  contains 
■  only  28  per  cent,  of  acetic  anhydride  (C4H603)— still  occa- 
sionally, though  somewhat  obscixrely,  termed  anhydrous  acetic 
acid.    Acidum  Aceticum  Dilutum,  B.P.,  contains  about  4{- 
(4-27)  per  cent,  of  HC2H302.    Glacial  acetic  acid  (H02H303) 
contains  no  water.    It  solidifies  to  a  crystalline  mass  at 
temperatures  below  G3°  F.,  hence  the  appellation  glacial 
i  (from  glacies,  ice).     Good  commercial  glacial  acetic  acid 
(Acidum  Aceticum  Glaciale,  B.P.)  does  not  contain  more 
than  1  per  cent,  of  water ;  it  solidifies  when  cooled,  and 
again  liquefies  at  about  60°;  its  specific  gravity  is  r058. 
Although  water  is  lighter  than  this  acetic  acid,  yet  the 
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addition  of  water  at  first  renders  the  acid  heavier;  evidently 
therefore,  condensation,  or  contraction  in  bulk,  occurs  on' 
mixing  the  liquids :  after  10  per  cent,  has  been  added,  the 
addition  of  more  water  produces  the  usual  effect  of  dilution 
of  a  heavy  liquid  by  a  lighter -namely,  reduction  of  relative 
weight.  This  matter  will  be  better  understood  after  the 
subject  of  specific  gravity  has  been  studied.  Glacial  acetic 
acid  mixes  readily  with  most  oils. 

The  following  equation  shows  the  reaction  :— 

NaC2H302  +  H2S04  =  HC2H302  +  NaHS04; 

Acetate  of       Sulphuric      Acetic  acid.       Acid  sulphate 
sodium.  acid.  of  sodium. 

or,  assuming  the  existence  of  acetyl  (C2H30)  in  acetic  acid 
(united  with  hydroxyl,  HO),  and  the  radical  sulphuryl  (S02) 
in  sulphuric  acid  (united  with  2H0), 

C0H3O  t  0       S02  )  Q        C2H30  )  0        S02 )  n  . 
Na  /      +    H2  /  °2  -        H  J  HNa  J    3 ' 

or,  on  the  assumption  that  salts  contain  the  oxide  of  a  basy- 
lous  radical  united  with  the  anhydride  of  an  acid  (the  old 
view  under  which  such  names  as  acetate  of  soda  were  formed), 

Na20,  C4H603  +  2H20,  S03  =  Na20,  H20, 2S03  +  H20,  C4H603. 

Note  on  the  Constitution  of  Salts. 

Which  of  these  three  equations,  or,  more  broadly,  which 
of  the  three  views  of  the  constitution  of  salts  illustrated  by 
the  equations,  is  correct,  is  questionable.  "Whether  it  is 
C2H302,  C2H30,  or  C4H603,  which  migrates  from  one  acetic 
compound  to  another,  whether  it  is  S04,  S02,  or  S03,  which 
migrates  from  one  sulphuric  compound  to  another,  and  so 
on  with  other  acidulous  groupings,  cannot  at  present  be 
determined.  There  are  some  objections  to  each  view ;  and 
possibly  neither  is  right.  Either  the  given  radicals  cannot 
be  isolated  ;  or  application  of  the  forces  of  heat,  light,  and 
electricity  do  not  confirm  views  arrived  at  by  the  results  of 
operations  with  the  chemical  force ;  or  a  salt  comes  to  be 
regarded  as  having  so  large  a  number  of  constituent  parts, 
that  the  view  breaks  down  from  the  sheer  inabilitjr  of 
students,  at  all  events  at  the  present  stage  of  study,  to  grasp 
the  complicated  analogies  involved.    Yet  for  the  purposes  of 
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description,  study,  and  conversation,  some  system  must  be 
adopted.  Let  the  first,  then,  be  taken  for  the  present,  over- 
reliance  on  it  being  checked  by  the  use  of  general  instead 
of  special  names  for  the  hypothetical  radicals,  and  other 
systems  be  employed  in  other  cases.    {See  also  p.  333.) 

Analytical  Reactions  (Tests). 

First  Analytical  Reaction.— To  an  acetate  add  sulphuric 
acid,  and  heat  the  mixture;  a  characteristic  odour  (acetic 
acid)  is  evolved. 

Note  1.— Iodine,  sulphurous  acid,  and  other  substances  of 
powerful  odour,  mask  that  of  acetic  acid ;  they  must  be 
removed,  therefore,  usually  by  precipitation  or  oxidation, 
before  applying  this  test. 

Note  2.— It  will  be  noticed  that  this  reaction  is  identical 
with  the  previous  one;  it  has  synthetical  or  analytical 
interest,  according  to  the  object  and  method  of  its  per- 
formance. 

Second  Analytical '  Reaction— Repeat  the  above  reaction, 
a  few  drops  of  spirit  of  wine  being  first  added  to  the  acetate ; 
acetic  ether  (acetate  of  ethyl,  C2H5C2H302),  also  of  charac- 
teristic odour,  is  evolved.  The  basylous  radical  ethyl  (C2H5) 
will  be  referred  to  subsequently. 

Third  Analytical  Reaction—  Heat  a  fragment  of  a  dry 
acetate  in  a  test-tube,  and  again  notice  the  odour  of  the 
gaseous  products  of  the  decomposition;  among  them  is 
acetone  (C3H60),  the  smell  of  which  is  characteristic.  Car- 
bonate of  the  metal  remains  in  the  test-tube. 

Fourth  Analytical  Reaction. — To  a  solution  of  an  acetate, 
made  neutral  by  the  addition  of  acid  or  alkali,  as  the  case 
may  be,  add  a  few  drops  of  neutral  solution  of  perchloride 
of  iron  ;  a  deep-red  liquid  results,  owing  to  the  formation  of 
ferric  acetate  (Fe26C2H30.>).  Boil ;  a  red  precipitate  (oxy- 
acetate  of  iron)  occurs,  leaving  the  liquid  colourless. 

Analytical  Note. — It  will  be  noticed  that  the  formation  of 
characteristic  precipitates,  the  usual  method  of  removing 
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radicals  from  solution  for  recognition,  is  not  carried  out  in 
the  qualitative  analysis  of  acetates.  This  is  because  all 
acetates  are  soluble.  Acetate  of  silver  (AgC2H302)  and 
mercurous  acetate  (HgC2H302)  are  only  sparingly  soluble  in 
cold  water,  but  the  fact  can  seldom  be  utilized  in  analysis. 
Hence  peculiarities  of  colour  and  odour,  the  next  best 
characters  on  which  to  rely,  are  adopted  as  means  by  which 
acetates  may  be  detected.  Acetates,  like  other  organic  com- 
pounds, char  when  heated  to  a  high  temperature. 

Note  on  Anhydrides.— Up  to  this  point  the  student  has 
regarded  an  anhydride  as  a  body  derived  from  an  acid  by 
removal  of  the  whole  of  the  hydrogen  of  the  acid,  together 
with  as  much  of  its  oxygen  as  with  the  hydrogen  forms 
water.  This  definition  will  scarcely  apply  to  acetic  anhy- 
dride, and  must  therefore  be  somewhat  qualified.  An  anhy- 
dride is  derived  from  an  acid,  the  acid  having  lost  the  whole 
of  its  basylous  hydrogen  and  so  much  oxygen  as  is  necessary 
to  form  water  with  that  hydrogen.  Anhydrides  are  obtained 
by  heating  acids,  and  by  other  methods. 


QUESTIONS  AND  EXEECISES. 

What  is  the  formula  of  acetic  acid?— State  the  relation  of  acetic  acid 
to  other  acetates. — What  is  the  molecular  weight  of  acetic  acid  ?— Name 
the  sources  of  acetic  acid. — What  is  pyroligneous  acid  ?— From  what 
compound  is  the  acetic  acid  of  most  foreign  and  English  varieties  of 
vinegar  derived  ?— How  much  real  acid  is  contained  in  official  vinegar? — 
What  is  the  nature  of  the  "  Vinegars  "  of  Pharmacy  ?— How  may  acetic 
acid  be  obtained  from  acetate  of  sodium  ?— How  much  real  acid  is  con- 
tained in  the  official  acetic  acid  ?— Mention  the  strength  of  commercial 
glacial  acetic  acid.— Give  three  or  more  views  of  the  constitution  of 
acetates,  illustrating  each  by  formulas.— Enumerate  the  tests  for  acetates. 


HYDROSULPHURIC  ACID  AND  OTHER  SULPHIDES. 

Formula  of  Hydrosulphuric  Acid,  H,S.  Molecular  weight,  34. 

Source  and  varieties  of  Sulphur.— -The  acidulous  radical  of 
hydrosulphuric  acid,  sulphydric  acid,  or  sulphuretted  hydro- 
gen and  other  sulphides,  is  the  element  sulphur  (S).  It  occurs 
in  nature  in  the  free  condition,  also  in  combination  with 
metals,  as  already  stated  in  describing  the  ores  of  some  of 
the  metals.  The  coal-gas  industry  furnishes  much  sulphur 
as  a  by-product,  it  occurring  in  coal,  chiefly  as  iron  pyrites. 
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Mtfost  of  the  sulphur  used  in  medicine  is  imported  from  Sicily, 
•.■where  it  occurs  chiefly  associated  with  blue  clay.  It  is  puri- 
nfied  by  fusion,  sublimation,  or  distillation.  Melted  and 
.poured  into  moulds,  it  constitutes  a  crystalline  mass  termed 

roll  sulphur.    If  distilled  and  the  vapour  carried  into  large 

chambers,  so  that  it  may  be  rapidly  condensed,  the  crystals 
pare  so  minute  as  to  give  the  sulphur  a  pulverulent  character  ; 
:this  is  sublimed  sulphur  (Sulphur  Sublimatum,  B.P.),  or 
^.flowers  of  sulphur:  the  same  washed  with  dilute  ammonia, 
:to  remove  the  traces  of  sulphuric  acid  (often  Ol  per  cent., 
^resulting  from  very  slow  oxidation  of  sulphur  in  ordinary 
umoist  air),  or,  possibly,  arsenious  sulphide,  constitutes  Sulphur 
LLotum,  U.S.P.  The  third  common  form,  milk  of  sulphur, 
will  be  noticed  subsequently.  Sulphur  also  occurs  in  nature 
inn  combination  as  a  constituent  of  animal  and  vegetable 
■  tissues,  as  sulphurous  acid  gas  (S02)  in  volcanic  vapours,  and 
.ias  sulphuretted  hydrogen  in  some  mineral  waters.  Plastic 
milphur  is  one  of  the  allotropic  varieties  of  the  element, 

obtained  on  heating  sulphur  considerably  beyond  its  melting- 
ppoint,  and  pouring  into  cold  water. 

Quantivalence. — Sulphur  would  seem  to  be  sexivalent  in 
ssulphuric  anhydride  (S03),  a  substance  which  will  be  noticed 
minder  sulphuric  acid,  and  quadrivalent  in  sulphurous  anhy- 

iiride  (SO,),  while  it  still  oftener  exhibits  bivalent  affinities 
RH.2S). 

Molecular  iveight. — At  very  high  temperatures  sulphur 
k'ollows  the  rule  that,  under  similar  conditions  of  heat  and 
;  pressure,  molecular  weights  (in  grammes,  grains,  etc.)  of 
wolatile  elements  occupy  equal  volumes  of  vapour  ;  its  formula 
:herefore  is  S2,  and  molecular  weight  64.    At  lower  tempera- 
tures the  volume  weighs  three  times  as  much  as  it  should 
lo  if  following  usual  laws,  and  then  the  molecule  would 
hjippear  to  contain  six  atoms  (S6). 

Acid  Salts. — Sulphur  (S'')  being  the  first  acidulous  radical 
"bf  bivalent  activity  met  with  in  these  sections  on  acids,  it  is 
idesirable  here  to  draw  attention  to  a  new  class  of  salts  to 
which  such  a  radical  will  give  rise.    These  are  acid  salts 
as  KHS04)  which  are  intermediate  between  neutral  salts  (as 
[LS04)  and  acids  (as  H2S04).    Univalent  acidulous  radicals, 
vith  an  atom  of  hydrogen,  give  an  acid,  and  with  an 
itom  of  other  basylous  radicals  an  ordinary  or  neutral 
"malt.    But  bivalent  acidulous  radicals,  inasmuch  as  they  give 
vith  two  atoms  of  hydrogen  an  acid,  and  with  two  atoms  of 
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univalent  metals  a  neutral  salt,  may  obviously  give  inter- 
mediate bodies  containing  one  atom  of  hydrogen  and  one  atom 
of  metal ;  these  are  appropriately  termed  acid  salts :  they 
are  neither  normal  acids  nor  neutral  salts,  but  acid  salts. 
(Examples  :-KHC03,  NaHS04,  KHC4H406,  Na2HP04, 
CuHAsOg,  CaH42P04.)  Whether  or  not  these  and  other 
salts  give  an  acid  reaction  with  blue  litmus-paper  de- 
pends on  the  strength  of  the  respective  radicals.  Usually 
they  do  redden  the  test-paper,  but  sometimes  not;  thus 
the  acid  sulphide  or  sulphydrate  of  potassium  (KHS),  or 
sodium  (NaHS),  or  ammonium  (NH4HS),  has  alkaline  pro- 
perties.* 

The  chemical  analogy  between  sulphur  and  oxygen,  already 
once  alluded  to  (p.  199),  is  further  illustrated  by  the  com- 
pounds just  mentioned.  Thiacetic  acid  (CH3-COSH)  exists, 
and  other  thio  (6eZov,  theion,  sulphur)  acids.  Sulphur  is  also 
closely  related  to  the  rarer  element  selenium.  Thus  we  have 
SeO,  (selenious  anhydride)  as  well  as  S02  (sulphurous  anhy- 
dride), H0Se03  (selenious  acid)  as  well  as  H3S03  (sulphurous 
acid),  H3Se04  (selenic  acid)  as  well  as  H2S04  (sulphuric 
acid).  The  rare  element  tellurium  also  seems  to  have  similar 
analogies.  The  four  hydrogen  compounds  of  the  group  have 
the  formula*  H20,  H0S,  H2Se,  H2Te.  (Vide  Index,  "  Periodic 
Law.") 

Synthetical  Reactions. 

Sulphuretted  Hydrogen. 

First  Synthetical  Reaction.  The  preparation  of  sulphu- 
retted hydrogen.— This  operation  was  described  on  page  105, 
and  probably  has  already  been  studied  by  the  reader. 

Precipitated  Sulphur. 

Second  Synthetical  Reaction.— Prepare  the  variety  of  the 
radical  of  sulphides  known  as  Precipitated  Sulphur  (Sulphur 
Prcecipitatum,  B.P.),  or  Milk  of  Sulphur,  by  boiling  a  few 

•  Chemists  regard  these  sulphydrates  as  compounds  of  basylous 
radicals  with  HS,  a  univalent  grouping  termed  hydrosulphyl  (pei  sulphide 
of  hydrogen,  H2So),  just  as  hydrates  are  similarly  viewed  as  compounds 
of  the  univalent  radical  hydroxyl  (HO)  (peroxide  of  ^^'^r~ 
H2S  becoming  HHS  (hydrosulphylide  of  hydrogen),  and  H20  becoming 
HHO  (hydroxylide  of  hydrogen). 
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.  grains  of  flowers  of  sulphur  (5  parts)  with  slaked  lime  (3 
parts)  and  some  water  (20  parts)  in  a  test>tube  (larger 
quantities  in  an  evaporating-basin),  filtering,  and  (reserving 
i  a  small  portion  of  the  filtrate)  adding  diluted  hydrochloric 
i  acid  until  the  well-stirred  milk-like  liquid  still  has  a  faint 
I  alkaline  or  scarcely  acid  reaction  on  test-paper ;  sulphur  is 
l precipitated,  and  maybe  collected  on  a  filter,  washed,  and 
I dried  (at  about  130°  F.).    Excess  of  acid  must  be  avoided, 
or  some  hydrosulphyl,  the  liquid  persulphide  of  hydrogen 
(HoSo),  will  be  formed,  probably  causing  the  particles  of 
;  sulphur  to  aggregate  to  a  gummy  mass. 

This  is  the  process  of  the  Pharmacopoeia.  Polysulphide 
•of  calcium  and  hyposulphite  of  calcium  are  formed  : — 

3Ca&,03    +    6S2    =    2CaS5    +    CaS203    +  3H„0 

Hydrate  of  Sulphur.       Polysulphide       Hyposulphite  Water, 

calcium.  of  calcium.  of  calcium. 

On  adding  the  acid,  both  salts  are  decomposed  and,  after  an 
^intermediate  reaction,  sulphur  separates  : — 

2CaS5  +  CaS203  +  6HC1  =  3CaCl2  +  3H20  +  6S2 

I  Polysulphide  Hyposulphite  Hydrochloric   Chloride  of        Water.  Sulphur, 
of  calcium.       of  calcium.         acid.  calcium. 

The  polysulphide  of  calcium  yields  sulphuretted  hydrogen 
i  and  milk-white  sulphur  on  the  addition  of  acid.  The  hypo- 
B  sulphite  of  calcium  then  yields  sulphurous  acid  gas  as  well 
.as  yellowish  sulphur.  The  gases  react  and  give  sulphur  and 
•.water,  very  little  sulphuretted  hydrogen  escaping :  this  is 
ithe  intermediate  reaction  just  alluded  to.  A  little  penta- 
•ithionic  acid  (see  Index)  is  also  said  to  be  formed. 

4H.2S    +    2S02    =    3S2    +  4H20. 

Sulphur  Lozenges  (Trochisci  Sulphuris,  B.P.)  contain, 
each,  5  grains  of  precipitated  sulphur,  8  grains  of  sugar, 
'  1  grain  of  gum  and  of  cream  of  tartar,  and  1  minim  of 
mucilage  and  of  tincture  of  orange  peel. 

Calcareous  Precipitated  Sulphur.  The  old  "  Milk  of  Sul- 
phur."— To  a  sulphur  solution  prepared  as  before  (or  to 
the  reserved  portion)  add  a  little  diluted  sulphuric  acid ;  the 
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precipitate  is  in  this  case  largely  mixed  with  sulphate  of 
calcium : — 

2CaS5  +  CaSa03  +  3H2S04  +  5H20  =  4  (CaS04,2H20)  +  6S2 

Polysulpbide  Hyposulphite  Sulphuric     Water.      Sulphate  of  calcium.  Bulphur. 
of  calcium,    of  calcium.  acid. 

Place  a  little  of  each  of  these  specimens  of  "precipitated 
sulphur,"  with  a  drop  of  the  supernatant  liquid,  on  a  strip  of 
glass,  cover  each  spot  with  a  piece  of  thin  glass,  and  examine 
the  precipitates  under  a  microscope ;  the  pure  sulphur  will 
be  found  to  consist  of  minute  grains  or  globules,  the  calca- ' 
reous  to  contain  comparatively  large  crystals  (hydrous  sul- 
phate of  calcium). 

Note. — Some  of  the  precipitated  sulphur  met  with  in  trade 
is  in  England,  still  thus  mixed  with  sulphate  of  calcium, 
most  of  such  specimens  containing  two-thirds  of  their  weight 
of  that  substance.  Formerly,  purchasers  were  so  accustomed 
to  the  satiny  appearance  of  the  mixed  article  as  to  regard  real 
sulphur  with  suspicion,  sometimes  refusing  to  purchase  it. 
The  mixed  article  is,  certainly,  somewhat  more  easily  mis- 
cible  with  aqueotis  liquids. 

Calcareous  precipitated  sulphur  yields  a  white  ash  (the 
anhydrous  sulphate  of  calcium)  when  a  little  is  burnt  off 
on  the  end  of  a  table-knife  or  spatula  or  in  a  crucible.  (No 
more  damage  is  done  to  the  steel  than  a  rub  on  a  knife-board 
will  remove.)  To  ascertain,  exactly,  the  amount  of  the  sul- 
phate, place  a  weighed  quantity  in  a  tared  crucible,  and  heat 
till  no  more  vapours  are  evolved.  The  weight  of  the  residual 
anhydrous  sulphate  of  calcium  (CaS04  =  136),  with  one-fourth 
thereof  added,  is  the  amount  of  crystalline  sulphate  of 
calcium  (CaS04,  2H30  =  172)  present  in  the  original  quantity 
of  calcareous  sulphur. 

Analytical  Reactions  (Tests). 

To  a  sulphide  add  a  few  drops  of  hydrochloric  acid;  sul- 
phuretted hydrogen  will  probably  be  evolved,  well  known  by 
its  smell.  If  the  sulphide  is  not  acted  upon  by  the  acid,  or 
if  free  sulphur  be  under  examination,  mix  a  minute  portion 
with  a  fragment  of  solid  caustic  potash  or  soda,  and  fuse  on 
a  silver  coin  or  old  spoon.    When  cold,  place  a  drop  of  dilute 
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hydrochloric  acid  on  the  spot;  sulphuretted  hydrogen  is 
evolved,  and  a  black  stain,  due  to  sulphide  of  silver  (Ag2S),  is 
left  on  the  coin. 

Other  sulphur  reactions  may  be  adapted  as  tests ;  but  the 
above  are  sufficient  for  all  ordinary  purposes.  The  most 
convenient  reagent  for  detecting  a  sulphide  in  solution  of 
ammonia  is  ammonio-sulphate  of  copper,  which  gives  a  black 
precipitate  (sulphide  of  copper)  if  a  sulphide  be  present. 

The  Iodide  of  Sulphur  (S2I2)  has  been  mentioned  under 
"Iodine."  A  chloride  (S2C12)  and  bromide  (S2Br2)  may  also 
be  formed  from  their  elements.  A  mixture  of  sulphur  and 
chloride  of  sulphur  is  sometimes  met  with  under  the  name  of 
hypochloride  of  sulphur. 


QUESTIONS  AND  EXERCISES. 

In  what  forms  does  sulphur  occur  in  nature? — State  the  modes  of  pre- 
paration of  the  three  chief  commercial  varieties  of  sulphur. — To  what 
extent  does  the  atom  of  sulphur  vary  in  quanti valence  ? —  State  the  re- 
lations of  acid  salts  to  acids  and  to  normal  salts. — Define  sulphides 
and  sulphydrates. — Describe  the  preparation  of  sulphuretted  hydrogen. 
What  are  the  characters  of  pure  precipitated  sulphur  ? — Give  equations 
explanatory  of  the  reactions  which  occur  in  precipitating  sulphur  accord- 
ing to  the  official  process.— Describe  the  microscopic  test  for  calcareous 
precipitated  sulphur. — Mention  a  ready  physical  method  of  detecting  sul- 
phate of  calcium  in  precipitated  sulphur.  —Mention  the  tests  for  sulphides, 
and  the  character  by  which  sulphuretted  hydrogen  is  distinguished  from 
other  sulphides. — How  are  sulphides  insoluble  in  acids  tested  for  sulphur  ? 
How  would  you  detect  a  trace  of  sulphur  in  ammonia  solutions  ? 


SULPHUROUS  ACID  AND  OTHER  SULPHITES. 

Formula  of  sulphurous  acid,  H2S03.  Formula  of  sulphurous 
acid  gas  or  sulphurous  anhydride,  sometimes  termed 
sulphurous  acid,  S02.  Molecular  weight  of  sulphurous 
acid,  82 ;  of  the  anhydride,  64. 

When  sulphur  is  burnt  in  the  air,  it  combines  with  oxygen 
and  forms  sulphurous  acid  gas  (S02),  more  correctly  termed 
sulphurous  anhydride,  or  occasionally,  but  erroneously,  sul- 
phurous acid.  It  is  a  pungent,  colourless  gas,  readily  liquefied 
on  being  passed  through  a  tube  externally  cooled  by  a  freezing- 
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mixture  composed  of  two  parts  of  well-powdered  ice  (or, 
better,  snow)  with  one  part  of  common  salt.  If  sulphurous 
acid  gas  becomes  moist  or  is  passed  into  water,  heat  is  evolved 
and  true  sulphurous  acid  (H2S03)  is  formed.  The  latter  body 
may  be  obtained  in  crystals  by  freezing  a  strong  aqueous 
solution ;  but  it  is  very  unstable,  and  hence  the  properties 
of  the  sulphurous  radical  must  be  studied  under  the  form  of 
some  other  sulphite ;  sulphite  of  calcium  (CaS03),  or  sulphite 
of  sodium  (Na2S03),  may  be  used  for  the  purpose. 

Quantivalence.— The  radical  of  the  sulphites  is  bivalent 
(S03"),  and  hence  forms  acid  sulphites,  such  as  acid  sulphite 
of  potassium  (KHSO:1),  and  neutral  sulphites,  such  as  sul- 
phite of  sodium  (Na2S03). 

Note. — The  sulphites  are  so  named  from  the  usual  rule, 
that  salts  corresponding  with  acids  whose  names  end  in  ous 
have  a  name  ending  in  ite.  They  are  generally  made  by 
passing  sulphurous  acid  gas  over  moist  oxides  or  carbonates ; 
in  the  latter  case  carbonic  acid  gas  escapes. 

Synthetical  Reaction. — To  a  few  drops  of  sulphuric  acid  in 
a  test-tube  add  a  piece  of  charcoal  and  apply  heat ;  sulphur- 
ous acid  gas  is  evolved,  and  may  be  conveyed  by  a  bent  tube 
into  a  small  quantity  of  cold  water  in  another  test-tube. 
Larger  quantities  of  the  gas  may  be  made  in  a  Florence  flask. 
The  fluid  product  is  the  Acidum  Sulphur vsicm,  B.P.  It 
contains,  if  fairly  saturated,  about  6|  (6"4)  per  cent,  of 
sulphurous  acid  (H2S03),  or  about  5  per  cent,  of  gas  (S02). 
The  process  is  also  that  described  in  the  Pharmacopoeia, 
except  that  the  gas  is  purified  by  passing  through  a  small 
wash-bottle  before  the  final  collection. 

4H3S04    +    C3     =    2C02   +   4H20    +  4S02 

Sulphuric  Carbon  Carbonic  Water.  Sulphurous 

acid.  (charcoal ).         acid  gas.  acid  gas. 

Sulphurous  acid  gas  may  also  be  made  by  boiling  copper, 
mercury,  or  iron  with  sulphuric  acid,  sulphate  of  the  metal 
being  formed.  Also  by  boiling  sulphur  with  sulphuric  acid. 
The  gas  passed  into  water  forms  sulphurous  acid. 

S02       +       H20       =  H2SOs 

Sulphurous  acid  gas.  Water.  Sulphurous  acid. 
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If  in  this  process  the  water  were  replaced  by  solutions  of, 
or  solid,  metallic  oxides  or  carbonates,  sulphites  of  the  various 
metals  would  be  formed.  The  formula  of  Sulphite  of  Sodium 
(Sodii  Sulphis,  B.P.,  the  old  Sulphite  of  Soda)  is  Na2S03, 
7H20  ;  it  occurs  in  colourless  efflorescent  prisms,  soluble  in 
water  or  spirit :  under  the  name  of  antichlor  it  is  used  for 
removing  traces  of  chlorine  from  paper  pulp.  The  formula 
of  Bisulphite  of  Sodium  is  NaHS03.  The  so-called  Bisul- 
phite of  Lime,  used  by  brewers  for  retarding  or  arresting 
fermentation  and  oxidation,  and  employed  for  various  anti- 
septic purposes,  is  a  solution  of  sulphite  of  calcium  (CaS03) 
in  free  sulphurous  acid  (H2S03),  and  is  made  by  passing  sul- 
phurous acid  gas  (S02)  into  thin  milk  of  lime.  Its  specific 
gravity  varies  from  l-050  to  1"070,  and  its  potential  strength 
of  anhydride  (S02)  from  4  to  6  per  cent.  Sulphurous  acid  is 
very  soluble  in  alcohol. 

Analytical  Reactions  (Tests). 

First  Analytical  Reaction. — To  a  sulphite  (of  sodium,  for 
instance, — made  by  passing  sulphurous  acid  gas  into  solution 
of  carbonate  of  sodium)  add  a  drop  or  two  of  diluted  hydro- 
chloric acid  ;  a  well-known  peculiarly  pungent  smell  results 
(sulphurous  acid). 

This  smell  is  the  same  as  that  evolved  on  burning  lucifer 
matches  that  have  been  tipped  with  sulphur.  It  is  due,  pro- 
bably not  to  the  gas  (S02),  but  to  the  sulphurous  acid  (H2S03) 
formed  by  the  union  of  sulphurous  acid  gas  with  either  the 
moisture  of  the  air  or  that  on  the  surface  of  the  mucous 
membrane  of  the  nose.    The  gas  is  highly  suffocating. 

Second  Analytical  Reaction. — To  a  sulphite  add  a  little 
water,  a  fragment  or  two  of  zinc,  and  then  hydrochloric  acid ; 
sulphuretted  hydrogen  will  be  evolved,  known  by  its  odour 
and  by  its  action  on  a  piece  of  paper  placed  like  a  cap  on  the 
mouth  of  the  test-tube  and  moistened  with  a  drop  of  solution 
of  acetate  of  lead,  black  sulphide  of  lead  being  formed.  Sul- 
phurous acid  may  be  detected  in  acetic  acid,  or  in  hydro- 
chloric acid,  by  this  test :— H2S03  +  6H  =  H2S  +  3H20. 
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Other  Analytical  Reactions. 

To  solutions  of  neutral  sulphites  add  nitrate  or  chloride  of 
barium,  chloride  of  calcium,  or  nitrate  of  silver ;  in  each  case 
white  precipitates  result  (sulphites  of  the  various  metals). 
The  barium  sulphite  is  soluble  in  weak  hydrochloric  acid ; 
but  if  a  drop  or  two  of  chlorine- water  is  first  added,  barium 
sulphate  is  formed,  which  is  insoluble  in  acids.  The  other 
precipitates  are  also  soluble  in  acids.  The  silver  sulphite  is 
decomposed  on  boiling,  sulphuric  acid  being  formed,  and 
metallic  silver  set  free,  the  mixture  darkening  in  colour. 

To  recognise  the  three  radicals  in  an  aqueous  solution  of 
sulphides,  sulphites,  and  sulphates,  add  chloride  of  barium, 
filter,  and  wash  the  precipitate.  In  the  filtrate,  sulphides  are 
detected  by  the  sulphuretted  hydrogen  evolved  on  adding  an 
acid.  In  the  precipitate,  sulphites  are  detected  by  the  odour 
of  sulphurous  acid,  produced  on  adding  hydrochloric  acid,  and 
sulphates  by  their  insolubility  in  the  acid. 


QUESTIONS  AND  EXEECISES. 

What  are  the  differences  between  sulphurous  acid  and  sulphurous  acid 
gas,  sulphites  and  acid  sulphites  /—State  the  characters  of  sulphurous 
acid  gas.— How  is  the  official  sulphurous  acid  prepared  ?— By  what  tests 
may  sulphurous  acid  be  recognised  in  acetic  acid  ? — Give  a  method  by 
which  sulphites  may  be  detected  in  presence  of  sulphides  and  sulphates. 

SULPHURIC  ACID  AND  OTHER  SULPHATES. 

Formula  of  the  Acid,  H2S04  or  S03(OH)2.  Molecular 
weight,  98. 

Many  sulphates  occur  in  nature;  but  the  common  and 
highly  important  hydrogen  sulphate,  sulphuric  acid,  is  made 
artificially. 

Preparation  of  the  acid.  General  nature  of  the  process.— 
Sulphur  itself,  or  generally  the  sulphur  in  iron  pyrites,  is 
first  converted  into  sulphurous  acid  gas  by  burning  in  air, 
and  this  gas,  by  moisture  and  oxygen,  into  sulphuric  acid 
(S02  +  H20  +  0  =  H2S04). 
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Deta  ils  of the  process.  —  The  oxygen  necessary  to  oxidize  the 
sulphurous  acid  gas  cannot  directly  be  obtained  from  air,  but 
indirectly,  the  agency  of  nitric  oxide  (NO),  and  nitrous  anhy- 
dride (No03),  being  employed — these  gases  becoming  nitric 
peroxide  (N02)  by  action  of  the  air,  and  the  nitric  peroxide 
again  becoming  reduced  by  the  action  of  the  sulphurous  acid 
gas,  and  so  on.  A  comparatively  small  quantity  of  nitric 
gases  will  thus  act  as  carrier  of  oxygen  from  the  air  to  very 
large  quantities  of  sulphurous  acid. 

The  nitric  oxide  and  nitrous  anhydride  are  in  the  first 
instance  obtained  from  nitric  acid,  and  this  from  nitrate  of 
sodium  by  the  action  of  a  small  quantity  of  the  sulphuric 
acid  of  a  previous  operation. 

The  following  equations  represent  the  chief  successive 
steps  : — 

2NaN03  +  HoSO^NaaSO^  +  2HN03 
2H.,0  +  3S02  +  2HN03  =  3H,S04  +  2NO 
2SO,  +  HoO  +  2HN03  =  2HoS04  +  N203 
2NO  +  0,  =  2NOt,     I     N0O3  +  0  =  2NOc, 
2S02  +  2N02  +  2H20  =  2H2S04  +  2NO  " 

Possibly  the  nitrous  anhydride  may,  instead  of  absorbing 
oxygen,  yield  oxygen,  and  become  reduced  to  nitric  oxide,  or 
may  act  in  both  ways.     Probably  also  nitrosulphonic  acid 

.  OH  t 
S02<^^j-Q  is  formed  both  from  nitrous  anhydride  and  nitric 

peroxide,  and  is  then  resolved  by  the  steam  into  sulphuric 
acid  and  the  lower  oxides.    And  so  on,  over  and  over  again. 


2SO„  +  3N203  +  H26  - 

4SO"2  +  6N02  +  2R„0  = 

2S02(OH)(NOn)  +  H06  = 

4SOg(OH)(NO;)  +  2H20  = 


2SOo(OH)(NO0)  +  4NO 
4SO;(OH)(NO„)  +  2NO 
m&o^  +  N203 
4H2S04  +  2NO,  +  2NO 


On  the  large  scale,  the  sulphurous  acid  gas  is  carried, 
together  with  the  nitric  vapours,  by  flues  into  leaden 
chambers,  where  jets  of  steam  supply  the  necessary  mois- 
ture. The  resulting  dilute  sulphuric  acid  is  concentrated 
by  evaporation  in  leaden,  and  finally  in  glass  or  platinum, 
vessels. 

Other  processes. — Sulphuric  acid  may  be  obtained  by  other 
processes,  as  by  distilling  the  sulphate  of  iron  resulting  from 
the  natural  oxidation  of  iron  pyrites  by  air  ;  but  it  is  not 
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so  made  at  the  present  day.  The  sulphate  of  iron  was  for- 
merly called  green  vitriol  (p.  161),  and  the  distilled  product 
oil  of  vitriol ;  the  latter  in  allusion  to  its  consistence  and 
origin. 

Experiment. — For  purposes  of  practical  study,  a  small 
quantity  may  be  made,  as  shown  in  fig.  39,  by  passing,  a, 
sulphurous  acid  gas  (p.  358) ;  b,  nitric  oxide  in  small  quantity 
(p.  336) ;  c,  air  (forced  through  by  aid  of  bellows  or  a  gas- 
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holder,  or  drawn  through  by  a  water-aspirator,  e) ;  and, 
occasionally,  d,  steam  (generated  in  a  Florence  flask),  through 
glass  tubes,  nearly  to  the  bottom  of  a  two-  or  three-quart 

'A  slow  current  of  sulphurous  acid  gas,  air,  and  steam,  and 
a  small  quantity  of  nitric  oxide,  will  furnish,  in  the  course  oi 
a  few  minutes,  enough  sulphuric  acid  for  recognition  by  the 
first  of  the  following  analytical  reactions.  The  manufactur- 
ing process  may  be  more  exactly  imitated  by  burning  sulphur 
in  a  tube  placed  where  the  flask  a  is  represented  in  the  fore- 
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going  figure,  or  by  burning  it  under  a  funnel  there  attached  ; 
but  in  either  case  strong  aspiration  must  be  maintained.  An 
instructive  result,  also,  will  follow  the  cessation  of  the  steam- 
current  for  a  short  time,  namely,  the  growth  on  the  inner 
surface  of  the  large  flask  of  "  chamber  crystals,"  which  are 
either  nitro-sulphonic  acid  or  nitrosyl-sulphuric  acid  :— 

S02\N02  S°2<NNO-0. 

Nitro-sulphonic  acid.  Nitrosyl-sulphuric  acid. 

Purification. — Sulphuric  acid  may  contain  arsenic,  nitrous- 
compounds,  and  salts  (sulphate  of  lead,  etc.).  Arsenic  may 
be  detected  by  the  hydrogen  test  (p.  195),  or  the  stannous 
chloride  test  (p.  198),  nitrous  compounds  by  powdered  sul- 
phate of  iron  (which  acquires  a  violet  tint  if  they  are  present), 
and  salts  by  the  residue  left  on  boiling  a  little  to  dryness  in 
a  crucible  in  a  fume-chamber.  If  only  nitrous  compounds 
are  present,  the  acid  may  be  purified  by  heating  with  about 
half  per  cent,  of  sulphate  of  ammonium— water  and  nitrogen 
being  produced  (Pelouze).  If  arsenic  occurs,  heat  with  a 
little  nitric  acid  (or  nitrate  of  sodium),  which  converts 
arsenious  anhydride  (As203)  into  arsenic  anhydride  (As205), 
then  add  sulphate  of  ammonium,  and  distil  in  a  retort  con- 
taining pieces  of  quartz  and  heated  by  an  annular-shaped 
burner  (to  prevent  "  bumping  " — see  page  326).  This  is  the 
usual  process  of  purification.  The  arsenic  anhydride  remains 
in  the  retort.  (Arsenious  anhydride  would  be  carried  over 
with  the  sulphuric  acid  vapours.)  The  distillation  frees  the 
acid  from  other  salts  (such  as  NaHSOJ  which  are  not  volatile. 

Quantivalence. — The  sulphuric  radical  being  bivalent 
(SO,j,"),  acid  as  well  as  neutral  sulphates  may  exist.  Acid 
sulphate  of  potassium  (KHS04)  is  an  illustration  of  the 
former,  sulphate  of  sodium  (Na2S04)  of  the  latter ;  double 
sulphates  may  also  occur,  such  as  that  of  potassium  and 
magnesium  <K2S04,MgS04,6H30).  Sulphates  generally  con- 
tain water  of  crystallization. 

Pure  sulphuric  acid  (H2S04)  is  of  specific  gravity  T848. 
The  best "  oil  of  vitriol  "  of  commerce,  a  colourless  liquid  of 
oily  consistence,  is  of  specific  gravity  1'843,  and  contains 
about  98  per  cent,  of  real  acid  (H2SO,t).  This  is  the  Acidum 
Sulphuricum,  B.P.  A  variety  less  pure  than  this  "  white" 
acid  is  known  as  "  brown  acid."    The  Acidum  Sulphuricum 
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Dilutum,  B.P.,  sp.  gr.  l-094,  contains  about  13.^  (13-64)  per 
cent,  of  acid  (H2S04)  (the  dilution  commonly  resulting  in 
the  separation,  as  a  slight  whi  te  sediment,  of  the  sulphate  of 
lead  usually  present  in  the  strong  acid) ;  and  the  Acidum 
Sulphuricum  Aromaticum,  B.P.,  a  dilute  acid  with  which  is 
mixed  tincture  of  ginger  and  spirit  of  cinnamon,  also  contains 
about  13  per  cent,  of  acid  (H2S04).  It  has  been  stated  that 
in  this  preparation  the  acid  and  alcohol  form  some  sul- 
phovinic  acid ;  but  the  author  has  been  unable  to  detect  the 
latter.  There  are  some  definite  compounds  of  sulphuric  acid 
with  water;  the  first  (H2S04,  H20)  may  be  obtained  in 
crystals. 

Sulphuric  anhydride  (S03)  occurs  in  white  crystals  having 
no  acid  properties.  It  may  be  made  by  distilling  sulphuric  acid 
with  phosphoric  anhydride  (H2S04  +  P205  =  2HP03  +  S03). 
On  the  large  scale,  sulphuric  acid  is  dissociated  by  heat,  and 
the  dried  sulphurous  anhydride  and  oxygen  made  to  re- 
combine.  It  appears  to  unite  with  sulphuric  acid  and  some 
other  sulphates  to  form  compounds  (R'3S04,  S03)  resembling 
in  constitution  red  chromate  or  pyrochromate  of  potassium. 
The  filming  sulphuric  acid  (H2S04,  S03),  sometimes  termed 
pijrosulphuric  acid  (H2S207),  formerly  made  at  Nordhausen, 
in  Saxony,  seems  to  be  such  a  body. 

iVoie.— Sulphuric  acid  is  a  most  valuable  compound  to  all 
chemists  and  manufacturers  of  chemical  substances.  By  its 
agency,  direct  or  indirect,  many,  if  not  most,  chemical  trans- 
formations are  effected.  To  describe  all  its  uses  would  be  to 
write  a  work  on  Chemistry. 


Analytical  Reactions  (Tests). 

First  Analytical  Reaction— To  solution  of  a  sulphate  add 
solution  of  a  barium  salt ;  a  white  precipitate  (sulphate  of 
barium,  BaS04)  falls.  Add  nitric  acid  and  boil  the  mixture, 
the  precipitate  does  not  dissolve. 

This  reaction  is  as  highly  characteristic  of  sulphates  as  it 
has  been  stated  to  be  of  barium  salts  (vide  page  112).  The 
only  error  likely  to  be  made  in  its  application  is  that  of  over- 
looking the  fact  that  nitrate  and  chloride  of  barium  are  less 
soluble  in  strong  acid  than  in  water.  On  adding  the  barium 
salt  to  the  acid  liquid,  therefore,  a  white  precipitate  may  be 
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obtained,  which  is  simply  the  nitrate  or  chloride  of  barium. 
The  appearance  of  such  a  precipitate  differs  considerably  from 
that  of  the  barium  sulphate ;  hence  a  careful  operator  will 
not  be  misled.  Should  any  doubt  remain,  water  should  be 
added,  which  will  dissolve  the  nitrate  or  chloride,  but  not 
affect  the  sulphate. 

Second  Analytical  Reaction. — Mix  a  fragment  of  an  in- 
soluble sulphate  (BaS04,  e.g.)  with  carbonate  of  potassium  or 
of  sodium,  or,  better,  with  both  carbonates,  and  fuse  the  mix- 
ture in  a  small  crucible.  Digest  the  residue,  when  cold,  in 
water,  and  filter  ;  the  filtrate  may  be  tested  for  the  sulphuric 
radical. 

This  is  a  convenient  method  of  qualitatively  analysing 
insoluble  sulphates,  such  as  those  of  barium  and  lead. 

Third  Analytical  Reaction. — Mix  a  fragment  of  an  insoluble 
sulphate  with  a  little  alkaline  carbonate  on  a  piece  of  char- 
coal, taking  care  that  some  of  the  charcoal  dust  is  included 
in  the  mixture.  Heat  the  little  kheap  in  the  blowpipe-flame 
until  it  fuses,  and,  when  cold,  add  a  drop  of  acid ;  sulphu- 
retted hydrogen  is  evolved,  recognised  by  its  odour. 

This  is  another  process  for  the  recognition  of  insoluble 
sulphates.  Other  preparations  of  sulphur,  and  sulphur  itself, 
give  a  similar  result.  It  is  therefore  rather  a  test  for  sulphur 
and  its  compounds  than  sulphates  only  ;  but  the  absence  of 
other  salts  can  be  determined  previously. 


Note. — The  presence  of  the  sulphuric  radical  in  a  solution 
having  been  proved  by  the  above  reactions,  its  occurrence 
as  a  neutral  sulphate  of  a  metal  is  demonstrated  by  the 
neutral,  or  nearly  neutral,  deportment  of  the  liquid  with 
test-paper,  and  the  detection  of  the  metal ;  its  occurrence 
as  sulphuric  acid  or  an  acid  sulphate  by  the  sourness  of 
the  liquid  to  the  taste,  and  the  abundant  effervescence  pro- 
duced on  the  addition  of  a  carbonate. 

Antidote. — In  cases  of  poisoning  by  strong  sulphuric  acid, 
solution  of  carbonate  of  sodium  (common  washing  soda), 
magnesia  and  water,  etc.,  may  be  administered  as  antidotes. 
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QUESTIONS  AND  EXERCISES. 

State  the  formula  and  molecular  weight  of  sulphuric  acid.— How  is  it 
related  to  other  sulphates  ?— Write  a  short  article  on  the  manufacture 
of  sulphuric  acid,  giving  either  diagrams  or  equations. — How  may  nitrous 
compounds  be  detected  in,  and  eliminated  from,  sulphuric  acid  ? — State 
the  method  for  detecting  arsenic  in  sulphuric  acid,  and  explain  the  pro- 
cess by  which  it  may  be  removed. — Define  sulphates,  acid  sulphates,  and 
double  sulphates. — What  percentage  of  real  acid  is  contained  in  oil  of 
vitriol  ?— State  the  strength  of  "diluted"  and  "  aromatic  "  sulphuric 
acid. — By  what  process  is  sulphuric  anhydride  obtained  from  the 
ordinary  sulphuric  acid  ? — Explain  the  reactions  which  occur  in  testing  for 
sulphates. — Ascertain  by  calculation  the  weight  of  oil  of  vitriol  (of  96-8 
per  cent.)  necessary  for  the  production  of  one  ton  of  dry  sulphate  of 
ammonium.  Am.,  1,718  lbs. — Name  the  antidotes  in  cases  of  poisoning 
by  strong  sulphuric  acid. 


CARBONIC  ACID  AND  OTHER  CARBONATES. 

Formula  of  the  acid,  H2C03  or  CO(OH)2 ;  molecular  weight, 
62.  Formula  of  carbonic  acid  gas,  or  carbonic  anhydride, 
commonly  termed  carbonic  acid,  C02  ;  molecular  weight,  44. 

Sources—  Carbonates  (compounds  containing  the  grouping 
C03)  are  very  common  in  nature,  the  calcium  carbonate 
(CaC03)  being  widely  distributed  as  chalk,  limestone,  or 
marble.  The  hydrogen  carbonate,  true  carbonic  acid,  is  not 
known,  unless,  indeed,  carbonic  acid  gas  assumes  that  con- 
dition on  dissolving  in  water.  Such  a  solution  (see  p.  91) 
changes  the  colour  of  blue  litmus-paper,  and  the  gas  does  not ; 
this  may  be  because  only  the  true  acid  (H2C03)  affects  the 
litmus,  or  because  the  gas  (C02)  cannot  come  into  real  con- 
tact with  the  litmus  without  a  medium.  From  the  commonest 
natural  carbonate,  carbonate  of  calcium,  is  derived  the  car- 
bonic constituent  of  the  one  most  frequently  used  in  medicine 
and  in  the  arts  generally,  carbonate  of  sodium. 

Carbonate  of  sodium,  the  old  Carbonate  of  Soda,  is  pre- 
pared from  the  chief  natural  salt,  the  chloride,  by  two 
different  processes.  The  first  is  "the  Leblanc  process." 
After  the  chloride  has  been  converted  into  sulphate  (salt- 
cake)  by  sulphuric  acid  (or  by  sulphurous  acid,  air,  and 
steam— Hargreave's  modification),  2NaCl  +  H2S04  =  Na2SO, 
+  2HC1  the  sulphate  is  roasted  with  limestone  and  small 
coal,  carbonate  of  sodium  and  sulphide  of  calcium  being 
formed,  Na2S04  +  C2  +  CaC03  =  CaS  +  Na2C03  +  2C02. 
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The  residual  mass  (black-ash)  is  digested  in  water,  in  which 
the  carbonate  of  sodium  dissolves,  the  sulphide  of  calcium 
remaining  insoluble.  The  solution  is  evaporated  to  dryness, 
and  yields  crude  carbonate  of  sodium.  This  is  roasted  with 
a  small  quantity  of  sawdust,  to  convert  any  caustic  soda, 
resulting  from  the  action  of  the  lime  on  the  carbonate,  into 
neutral  carbonate.  The  product  is  soda-ash.  Dissolved  in 
water  and  crystallized,  it  constitutes  the  ordinary  "  soda  " 
used  for  washing  purposes :  recrystallized  and  sometimes 
ground,  it  forms  the  official  carbonate  of  sodium  {Sodii 
Carbonas,  B.P.)  (Na2C03,  10H8O).  The  reaction  will  be  more 
intelligible  if  regarded  as  occurring  in  two  stages : — 1st,  re- 
duction of  the  sulphate  of  sodium  to  sulphide  by  the  carbon 
of  the  coal,  Na2S04  +  C2  =  Na2S  +  2C02 ;  2nd,  reaction  of 
the  sulphide  of  sodium  and  carbonate  of  calcium,  giving 
soluble  carbonate  of  sodium,  thus,  Na0S  +  CaC03  —  NaoC03 
+  CaS. 

2NaCl  +  H2S04  +  CaC03  +  C2  =  ■  Na2C03  +  CaS  +  2HC1  +  2C02 

The  raw  materials.  The  factory  products. 

The  sulphur  in  the  residual  sulphide  of  calcium  may  be  re- 
covered by  exposure  to  the  action  of  the  waste  carbonic  acid 
gas  of  lime-kilns,  carbonate  of  calcium  being  formed,  and  the 
diluting  nitrogen  passing  off,  more  carbonic  acid  afterwards 
causing  sulphuretted  hydrogen  to  be  set  free.  The  latter 
is  either  burnt  and  converted  into  sulphuric  acid,  or  is  caused 
to  react  with  air  on  ferric  oxide,  sulphur  being  set  free. 

The  other  process  is  "  the  ammonia  process,"  so-called  be- 
cause ammonia  (NH3)  is  used  over  and  over  again  as  the 
chief  agent,  or  chemical  tool,  so  to  say,  in  the  factory. 
Strong  brine  from  salt  beds  is  saturated  first  with  ammonia 
gas  (from  coal  which  also  yields  gaseous  fuel  and  coke)  and 
then  with  carbonic  acid  gas  (from  coke-heated  limestone). 
Bicarbonate  of  sodium  falls  as  a  precipitate,  and  is  after- 
wards heated  to  furnish  the  carbonate  of  sodium — with 
simultaneous  temporary  recovery  of  part  of  the  carbonic  acid 
gas.  The  chloride  of  ammonium  concurrently  produced  is,  by 
the  latest  improvements,  separated  and  heated  and  its  va- 
pours passed  overmagnesia,  chloride  of  magnesium  and  regen- 
erated ammonia  gas  resulting.  Air  passed  over  the  heated 
chloride  of  magnesium  furnishes  chlorine  and  recovered 
magnesia.  The  chlorine  passed  over  lime  (from  the  limestone) 
furnishes  chlorinated  lime.    The  former  part  of  this  process 
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was  discovered  by  Dyar  and  Hemming  in  1838,  and  was 
applied,  chiefly  by  Solvay,  from  1861  to  1872;  the  working 
out  of  the  chlorine-recovery  by  the  magnesia  method  is 
largely  due  to  Mond.  The  following  notes  will  aid  the 
student,  a.  Coal  yields  ammonia  gas,  gaseous  fuel  and  coke. 
b.  CaC03  =  CaO  +  C02.  c.  2NaCl  +  2NH3  +  2CO,  +  2H20 
=  2NaHC03  +  2NH4C1.  d.  2NaHC03  =Na2C03  +  HnO  +  C02. 
e.  2NH4C1  +  MgO  -  MgCl8  +  2NH3  +  HnO.  /.  MgCl2  +  0 
=  MgO  +  Cl2.  g.  Cl2  +  CaO  =CaOCl2".  (If  the  chlorine- 
recovery  is  not  practised,  then  2NH4Cl  +  CaO  =  2NH3  +  CaC]2, 
the  latter  being  lost.)  Rarely  is  a  process  carried  on  with 
such  economy  of  elements  as  here  obtains,  while  the  salt, 
limestone  and  fuel  occur  in  England  in  close  contiguity. 
After  these  raw  materials,  labour,  wear  and  tear,  loss,  and 
capital,  are  all  paid  for,  single  1-cwt.  casks  of  powdered 
bicarbonate  (NaHC03)  or  of  granular  monohydrous  carbonate 
(Na2C03,H20)  can  be  supplied  at  one  penny  per  pound. 

2NaCl  +  CaC03  +  0    =    Na2C03  +  CaOCl2 

The  raw  materials.  The  factory  products. 

Carbonic  acid  gas  (C02)  is  a  product  of  the  combustion  of 
all  carbonaceous  matters.  It  is  constantly  exhaled  by  animals 
and  inhaled  by  plants,  its  intermediate  storehouse  being  the 
atmosphere,  throughout  which  it  is  equally  distributed  by 
diffusion  (vide  p.  15)  to  the  extent  of  about  4  parts  in  10,000. 
A  larger  proportion  than  that  just  mentioned  gives  to  con- 
fined air  depressing  effects,  4  or  5  per  cent,  rendering  the  at- 
mosphere poisonous  when  taken  into  the  blood  from  the  lungs. 
Carbonic  acid,  however,  may  be  taken  into  the  stomach  with 
beneficial  sedative  effects ;  hence,  probably,  much  of  the  value 
of  such  effervescing  liquids  as  soda-water,  lemonade,  and  solu- 
tions of  the  various  granulated  preparations  and  effervescing 
powders.  The  gas  liquefies  on  being  compressed,  and  the 
liquid  solidifies  on  being  cooled.  The  weights  of  equal  bulks 
of  the  gas,  of  air,  and  of  hydrogen  are  as  22,  14'44,  and  1. 
At  common  temperatures  it  dissolves  in  about  its  own 
volume  of  water,  both  being  under  the  same  pressure,  the 
water  retaining  gas  strongly  if  all  air  has  been  expelled. 

Sulphocarbonates  resemble  carbonates  in  constitution,  but 
contain  sulphur  in  place  of  oxygen. 

Sulphocarbonic  anJiydride,  CS,,  commonly  termed  disul- 
phide  or  bisrdpMde  'of  carbon  (Carbon, 4  Disidphidtm, 
U.S.P.),  is  a  highly  volatile  and  inflammable  liquid,  easily 
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made  from  its  elements.  Sp.  gr.  1*272  at  15°  C.  ;  boiling- 
point,  46°  C.  It  may  be  rendered  almost  scentless  by  diges- 
tion with  lime  and  then  with  copper  turnings.  Its  possible 
impurities  are  dissolved  sulphur,  sulphur  oils,  and  sulphuret- 
ted hydrogen.  It  is  slightly  soluble  in  water,  about  1  in 
400,  forming  a  useful  antiseptic  fluid. 

Reactions. 

Synthetical  and  Analytical  Reactions. — 1.  To  a  fragment 
of  marble  in  a  test-tube  add  water  and  then  hydrochloric 
acid ;  carbonic  acid  gas  (C02)  is  evolved,  and  may  be  con- 
veyed into  water  or  solutions  of  salts  by  the  usual  delivery- 
tube. 

This  is  the  process  of  the  British  Pharmacopoeia,  and  the 
one  usually  adopted  for  experimental  purposes.  On  the  large 
scale,  the  gas  is  prepared  from  chalk  or  marble  and  sulphuric 
acid,  frequent  stirring  promoting  its  escape. 

2.  Pass  the  gas  into  lime-water;  a  white  precipitate  of 
carbonate  of  calcium  (CaC03)  falls.  Solution  of  subacetate  of 
lead  may  be  used  instead  of,  and  is  perhaps  even  a  more  deli- 
cate test  than,  lime-water. 

The  evolution  of  a  gas  on  adding  an  acid  to  a  salt,  warm- 
ing the  mixture  if  necessary,  the  gas  being  inodorous  and 
giving  a  white  precipitate  with  lime-water,  is  sufficient 
evidence  of  the  presence  of  a  carbonate.  Carbonates  in 
solutions  of  ammonia,  potash,  or  soda  may  be  detected  by 
the  direct  addition  of  solution  of  lime.  Carbonates  in  pre- 
sence of  sulphites  or  hyposulphites  may  be  detected  by  add- 
ing acid  tartrate  of  potassium,  which  decomposes  carbonates 
with  effervescence,  but  does  not  attack  sulphites  or  hypo- 
sulphites. 

3.  Blow  air  from  the  lungs  through  a  glass  tube  into  lime- 
water;  the  presence  of  carbonic  acid  gas  is  at  once  indicated. 

The  passage  of  a  considerable  quantity  of  normal  air 
through  lime-water  produces  a  similar  effect.  A  bottle  con- 
taining lime-water  soon  becomes  coated  with  carbonate  of 
calcium  from  absorption  of  atmospheric  carbonic  acid  gas. 

A.C.  B  u 
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4.  Fill  a  dry  test-tube  with  the  gas,  by  passing  the  delivery- 
tube  of  the  above  apparatus  to  the  bottom  of  the  test-tube. 
Being  rather  more  than  once  and  a  half  as  heavy  as  the  air 
(1-529),  it  will  displace  the  latter.  Prove  the  presence  of  the 
gas  by  pouring  it  slowly,  as  if  a  visible  liquid,  into  another 
test-tube  containing  lime-water  ;  the  characteristic  cloudiness 
and  precipitate  are  obtained  on  gently  shaking  the  lime- 
water. 

In  testing  for  carbonates  by  bringing  evolved  gas  into  con- 
tact with  lime-water,  the  preparation  and  adaptation  of  a 
delivery-tube  may  often  be  avoided  by  pouring  the  gas  from 
the  generating-tube  into  that  containing  the  lime-water  in 
the,  manner  just  indicated. 

5.  Pass  carbonic  acid  gas  through  lime-water  until  the 
precipitate  at  first  formed  is  dissolved.  The  resulting  liquid 
is  a  solution  of  carbonate  of  calcium  in  carbonic  acid  water. 
Boil  the  solution  ;  carbonic  acid  gas  escapes,  and  the  carbon- 
ate is  again  precipitated. 

This  experiment  will  serve  to  show  how  chalk  is  kept  in 
solution  in  ordinary  well-waters,  giving  the  property  of 
"  hardness,"  and  how  the  fur  or  stone-like  deposit  in  tea-- 
kettles and  boilers  is  formed.    It  should  be  here  stated  that 
sulphate  of  calcium  produces  similar  hardness,  and  that 
these  with  small  quantities  of  the  sulphate  and  carbonate  oi 
magnesium,  constittite  the  hardening  constituents  of  well- 
waters,  a  curd  foleate  of  calcium  or  magnesium)  being  formed 
whenever  soap  is  used  with  such  waters     An  enormous 
amount  of  soap  is  wasted  through  the  employment  of  hard 
water  for  washing  purposes.   The  hardness  produced  by  the 
earthy  carbonates  is  termed  "  temporary  hardness,  because 
removable  by  ebullition ;   that  by  the  earthy  su  p  hates 
«  permanent  hardness,"  because  unaffected  by  ebullition. 
The  addition  of  lime-water,  or  a  mixture  of  lime  and  water, 
removes  temporary  hardness  (Reaction  2,  page  369),  and  car- 
bonate of  sodium,  <<  washing-soda,"  both  temporary  and  per- 
manent hardness,  in  the  latter  case  sulphate  of  sodium  re- 
Sing  in  solution.  Carbonate  of  barium  (ground  witherite) 
also  decomposes  sulphates  of  calcium  and  magnesium,  sul- 
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phate  of  barium  being  precipitated  and  carbonates  of  calcium 
or  magnesium  formed  ;  the  latter  and  the  carbonates  origin- 
ally in  the  water  may  then  be  precipitated  by  ebullition  or 
by  the  action  of  lime-water.  But  the  injurious  effects  of 
barium  salts  on  man  and  the  lower  animals  prevents  the 
carbonate  being  used  for  purifying  water  for  drinking  pur- 
poses, as  by  accident  or  an  unforeseen  reaction  a  portion 
might  become  dissolved. 

6.  Add  a  solution  of  carbonate  of  potassium  or  of  sodium 
to  a  mercuric  salt ;  a  brownish-red  precipitate  results.  Add 
a  solution  of  bicarbonate  of  potassium  or  of  sodium  to  a 
mercuric  solution ;  a  white  precipitate  results,  becoming  red- 
after  some  time. 


QUESTIONS  AND  EXEKCISES. 

Name  the  chief  natural  carbonates. — What  are  the  formula  of  carbonic 
acid  and  carbonic  acid  gas? — Adduce  evidence  of  the  existence  of  true 
carbonic  acid. — Trace  the  steps  by  which  the  carbonic  constituent  of  chalk 
is  transferred  to  sodium  by  the  two  processes  usually  adopted  in  alkali- 
works — the  manufacture  of  "  soda."—  Carbonic  acid  gas  is  constantly 
exhaled  from  the  lungs  of  animals ;  why  does  it  not  accumulate  in  the 
atmosphere  ? — What  is  the  effect  of  pressure  on  carbonic  acid  gas  ? — -State 
the  specific  gravity  of  carbonic  acid  gas. — By  what  process  may  carbonic 
acid  gas  be  obtained  for  experimental  and  manufacturing  purposes  ? — 
Describe  the  action  of  carbonic  acid  gas  on  the  carbonate  of  potassium 
or  of  sodium. — How  may  carbonic  acid  gas  be  detected  in  expired  air  ? — 
To  what  extent  is  carbonic  acid  gas  heavier  than  air  ?—  Work  sums 
showing  what  quantity  of  chalk  (90  per  cent,  pure)  will  be  required  to 
furnish  the  carbonic  acid  gas  necessary  to  convert  one  ton  of  carbonate 
of  potassium  (containing  83  per  cent,  of  K2C03)  into  acid  carbonate,  sup- 
posing no  gas  to  be  wasted.  Ans.,  1,500  lbs. — Define  "hardness"  in 
water. — How  may  the  presence  of  carbonates  be  demonstrated? 


OXALIC  ACID  AND  OTHER  OXALATES. 

Formula  of  Oxalic  Acid,  H2C204,  2H20,  or  (COOH)2,  2H20. 
Molecular  weight,  126. 

Sources. — Oxalates  occur  in  nature  in  the  juices  of  some 
plants,  as  wood-sorrel,  rhubarb,  the  common  dock,  and  certain 
lichens  ;  but  the  hydrogen  oxalate  (oxalic  acid)  and  other 
oxalates  are  all  made  artificially.  The  carbon  of  many  organic 
substances  yields  oxalic  acid  when  those  substances  are  boiled 
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with  nitric  acid,  and  an  alkaline  oxalate  when  they  are  roasted 
with  a  mixture  of  the  hydrates  of  potassium  and  sodium. 

Experimental  process. — On  the  small  scale,  a  mixture  of 
nitric  acid  10  parts,  loaf-sugar  2  parts,  and  water  3  parts, 
quickly  yields  the  acid.  Abundance  of  red  fumes  are  at  first 
evolved.  On  cooling,  crystals  are  deposited.  A  more  dilute 
acid,  kept  warm,  acts  more  slowly  but  yields  a  larger  product. 
The  following  process  is  more  economical. 

Manufacturing  process. — On  the  large  scale,  sawdust  is 
roasted  with  alkalies,  resulting  oxalate  of  sodium  decomposed 
by  lime,  with  regeneration  of  the  soda,  and  formation  of 
oxalate  of  calcium,  the  latter  digested  with  sulphuric  acid, 
and  the  liberated  oxalic  acid  (Oxalic  Acid  of  Commerce,  B.P.) 
made  commercially  pure  by  recrystallization. 

Purified  oxalic  acid.— The  acid  made  from  sugar,  recrystal- 
lized  two  or  three  times,  is  quite  pure.  Commercial  acid 
should  be  mixed  with  insufficient  water  for  complete  solution, 
and  the  mixture  occasionally  shaken.  Most  of  the  impurities 
remain  undissolved,  and  the  saturated  aqueous  solution 
evaporated  yields  crystals  which  are  fairly  pure. 

Quantivalence  — The  elements  represented  by  the  formula 
C204  are  those  characteristic  of  oxalates.  They  form  a  bi- 
valent grouping ;  hence  neutral  oxalates  (R'2C204)  and  acid 
oxalates  (R'HC204)  exist.  t 

Salt  of  sorrel  is  a  crystalline  compound  of  oxalic  acid  with 
acid  potassium  oxalate,  the  crystals  containing  two  molecules 
of  water  of  crystallization  (KHC204,  H2C204,  2H20). 

Analytical  Eeactions  (Tests). 

First  Analytical  Reaction.— To  solution  of  an  oxalate  (oxa- 
late of  ammonium,  e.g.)  add  solution  of  chloride  of  calcium  ; 
a  white  precipitate  falls  (oxalate  of  calcium,  CaC204).  Add 
to  the  precipitate  excess  of  acetic  acid ;  it  is  insoluble.  Add 
hydrochloric  acid ;  the  precipitate  is  dissolved. 

The  formation  of  a  white  precipitate  on  adding  a  calcium 
or  barium  salt,  insoluble  in  acetic  but  soluble  m  hydrochloric 
or  nitric  acid,  is  usually  sufficient  proof  of  the  presence  ol  an 
oxalate.  The  action  of  the  liquid  on  litmus-paper,  efferves- 
cence with  carbonate  of  sodium,  and  absence  of  metals,  would 
indicate  that  the  oxalate  is  that  of  hydrogen,  oxalic  acid. 
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Note. — The  barium  oxalate  is  slightly  soluble  in  acetic 
acid  (Souchay  and  Lenssen),  and  enough  may  be  dissolved  by 
this  acid  from  a  mixed  barium  precipitate  (produced  on  adding 
chloride  or  nitrate  of  barium  to  a  solution  of  mixed  salts)  to 
give  the  foregoing  reaction  on  adding  chloride  of  calcium  to 
the  filtered  acetic  liquid — an  effect  sometimes  useful  in  the 
analysis  of  mixed  substances  (Da vies). 

Antidote.—  In  cases  of  poisoning  by  oxalic  acid  or  salt  of 
sorrel,  chalk  and  water  may  be  administered  as  a  chemical 
antidote  (with  the  view  of  producing  the  insoluble  oxalate  of 
calcium),  emetics  and  the  stomach-pump,  or  stomach-siphon, 
being  used  as  soon  as  possible. 

Second  Analytical  Reaction. — Heat  a  fragment  of  any  dry 
common  fixed  metallic  oxalate  (an  oxalate  of  potassium,  for 
example)  in  a  test-tube ;  decomposition  occurs,  carbonic 
oxide  (CO)  (a  gas  that  will  ^be  noticed  subsequently)  is 
liberated,  and  a  carbonate  of  the  metal  remains.  Add  water 
and  then  an  acid  to  the  residue ;  effervescence  occurs. 

This  is  a  ready  test  for  ordinary  insoluble  oxalates,  and  is 
trustworthy  if,  on  heating  the  substance,  no  charring  occurs, 
or  not  more  than  gives  a  grey  colour  to  the  residue.  Organic 
salts  of  metals  decompose  when  heated,  and  leave  a  residue  of 
carbonate,  but,  except  in  the  case  of  oxalates,  the  residue  is 
always  accompanied  by  much  charcoal.  Insoluble  oxalates 
and  organic  salts  of  such  metals  as  lead  and  silver  are,  of 
course,  liable  to  be  reduced  to  oxide  or  even  metal  by  heat. 
Such  oxalates  may  be  decomposed  by  boiling  with  solution  of 
carbonate  of  sodium,  filtering  and  testing  the  filtrate  for 
oxalates  by  the  chloride  of  calcium  test. 

Other  Analytical  Reactions. — Nitrate  of  silver  gives,  with 
oxalates,  a  white  precipitate  (oxalate  of  silver,  Ag2C204). 

 Dry  oxalates  are  decomposed  when  heated  with  strong 

sulphuric  acid,  carbonic  oxide  and  carbonic  acid  gases  escap- 
ing. If  much  of  the  substance  be  operated  on,  the  gas  may 
be  washed  with  an  alkali,  the  carbonic  acid  be  thus  removed, 
and  the  carbonic  oxide  be  ignited  ;  it  will  be  found  to  burn 

with   a   characteristic  bluish  flame.   Oxalates,  when 

mixed   with  water,  black  oxide  of  manganese  (free  from. 
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carbonates),  and  sulphuric  acid,  yield  carbonic  acid  gas,  which 

may  be  tested  by  lime-water  in  the  usual  manner.  Not  only 

such  insoluble  oxalates  as  those  of  lead  and  silver  above  re- 
ferred to,  but  any  common  insoluble  oxalate,  such  as  that  of 
calcium  or  magnesium,  may  be  decomposed  by  ebullition  with 
solution  of  carbonate  of  sodium ;  after  filtration  the  oxalic 
radical  will  be  found  in  the  clear  liquid  as  soluble  oxalate  of 
sodium.  

QUESTIONS  AND  EXEECISES. 

Explain  the  constitution  of  oxalates.— State  how  oxalates  are  obtained 
—What  is  the  quantivalence  of  the  oxalic  radical  ?— Give  the  formula  ot 
"  salt  of  sorrel."— Mention  the  chief  test  for  oxalic  acid  and  other  soluble 
oxalates.— Name  the  antidote  for  oxalic  acid,  and  describe  its  action.— 
By  what  reactions  are  insoluble  oxalates  recognised  ? 


TARTARIC  ACID  AND  OTHER  TARTRATES. 

Formula  of  Tartaric  Acid,  H2C4H406  or  C2H2(OH)2(COOH)2. 
Molecular  weight,  150. 

Sources—  Tartrates  exist  in  the  juice  of  many  fruits  ;  but 
it  is  from  that  of  the  grape  that  our  supplies  are  usually 
obtained.  Grape-juice  contains  much  acid  tartrate  of  potas- 
sium (KHC4H40G),  which  is  gradually  deposited  when  the 
juice  is  fermented,  as  in  making  wine  ;  for  acid  tartrate  ol 
potassium,  not  very  soluble  in  aqueous  liquids,  is  still  less 
so  in  spirituous,  and  hence  crystallizes  out  as  the  sugar  ot  the 
grape-juice  is  gradually  converted  into  alcohol.  It  is  found, 
with  tartrate  of  calcium,  lining  the  vessels  in  which  wine  is 
kept ;  and  it  is  from  this  crude  substance,  termed  argal  or 
arqol,  also  from  the  albuminoid  yeasty  matter  or  lees 
deposited  at  the  same  time,  as  well  as  from  what  tartrate 
may  be  remaining  in  the  marc  left  after  the  juice  has 
been  pressed  from  the  grapes,  that  by  rough  recrystalliza- 
tion  11  tartar,"  still  containing  6  or  7  per  cent  or  more 
of  anhydrous  tartrate  of  calcium  (CaC4H4Ofl),  is  obtained. 
From  the  tartar,  tartaric  acid  and  other  tartrates  are  pre- 
pared. In  old  dried  grapes  (Raisins ;  Uvat,  B.P.)  crystal- 
line masses  of  tartar  and  of  grape-sugar  are  constantly  met 
with, 
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Cream  of  tartar,  purified  by  crystallization  (Potassii  Tar- 
tras  Acida,  B.P.),  occurs  as  "  a  gritty  white  powder,  or  frag- 
ments of  cakes  crystallized  on  one  surface;"  of  a  pleasant 
acid  taste,  soluble  in  180  parts  of  cold  and  6  of  boiling  water, 
insoluble  in  spirit.* 

Quantivale7ice.—Th.e  elements  represented  by  the  formula 
C4H406  are  those  characteristic  of  tartrates.  They  form  a 
bivalent  grouping;  hence  neutral  tartrates  (E'gC^H^Oe)  and 
acid  tartrates  (R'H04H406)  exist.  Tartrate  of  potassium, 
the  Potassii  Tartras  of  the  British  Pharmacopoeia  (K2C4H406), 
and  Bochelle  Salt,  or  tartrate  of  potassium  and  sodium,  the 
official  Soda  Tartarata,  are  illustrations  of  neutral  tartrates, 
while  Cream  of  Tartar,  KHC4H406,  is  an  example  of  acid 
tartrates.  The  only  official  tartrate  not  apparently  included 
in  these  general  formulae  is  tartar-emetic  (Antimonium  Tar- 
taratum,  B.P.),  which  is  sometimes  regarded  as  the  double 
tartrate  of  potassium  and  a  hypothetical  radical,  antimonyl 
(SbO),  thus,  KSbOC4H406.  Probably,  however,  it  is  but  an 
oxytartrate  of  antimony  (Sb202C4H406)  with  normal  tar- 
trate of  potassium  (K2C4H406);  for  there  are  several 
oxycompounds  of  antimony  analogous  to  the  oxycompounds 
of  bismuth  that  have  been  described  (p.  293),  normal  salts 
partially  decomposed  by  water  into  oxides,  and  many  of  these 
oxycompounds  readily  unite  with  normal  salts  of  other  basy- 
lous  radicals.  Tartar-emetic  would  thus  be  oxytartrate  of 
antimony  with  tartrate  of  potassium  [Sb202C4H406,K2C4H406, 
or  K'Sb'"  (C4H40G)"0"]. 

Tartaric  Acid. 

Tartaric  Acid  (Acidum  Tartaricum,  B.P.)  is  obtained, 
according  to  the  British  Pharmacopoeia,  by  boiling  cream  of 
tartar  (Potassii  Tartras  Acida,  B.P.)  with  water,  adding 
chalk  till  effervescence  ceases,  and  then  chloride  of  calcium 
so  long  as  a  precipitate  falls  ;  the  two  portions  of  tartrate  of 
calcium  thus  consecutively  formed  are  thoroughly  washed, 

*  A  boiling  solution  of  tartar  yields  a  floating  crust  of  minute  crystals 
on  cooling — just  as  milk  yields  a  floating  layer  of  cream ;  hence  the 
term  cream  of  tartar.  "  It  is  called  tartar,"  says  Paracelsus,  "  because 
it  produces  oil,  water,  tincture,  and  salt,  which  burn  the  patient  as 
tartarus  does."  Tartarus  is  Latin  (Tdpra/jos,  Tartaros,  Greek)  for  hell. 
The  products  of  its  destructive  distillation  are  certainly  somewhat, 
irritating  in  taste  and  smell;  and  the  "salt"  (carbonate  of  potassium) 
that  is  left  is  diuretic  and  in  larger  quantities  powerfully  corrosive. 
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treated  with  sulphuric  acid,  the  mixture  boiled  for  a  short 
time,  resulting  sulphate  of  calcium  mostly  separated  by  filtra- 
tion, the  filtrate  concentrated  by  evaporation,  any  sulphate 
of  calcium  that  may  have  deposited  removed  as  before,  and 
concentration  continued  until  the  solution  is  strong  enough 
to  crystallize.  Tartrate  of  calcium  from  nine  ounces  of 
cream  of  tartar  requires  five  ounces  by  weight  of  sulphuric 
acid  for  complete  decomposition. 

2KHC4H406  +  CaC03  =  CaC4H406  +  K2C4H306  +  H20  +  C02 

Acid  tartrate  Carbonate  of  Tartrate  of  Tartrate  of  Water.  Carbonic 
of  potassium.        calcium.  calcium.  potassium.  acid  gas. 

K2C4H406  +  CaCl2  =  CaC4H406  +  2KC1 

Tartrate  of  Chloride  of  Tartrate  of  Chloride  of 
potassium.  calcium.  calcium.  potassium. 

2CaC4H406  +  2H2S04  =  20aS04  +  2H2C4H406 

Tartrate  of  Sulphuric        Sulphate  of  Tartaric 

calcium.  acid.  calcium.  acid. 

Tartaric  acid  occurs  in  trade  as  colourless  crystals,  or  the 
same  powdered.  It  is  strongly  acid  and  readily  soluble  in 
water  or  spirit.  One  part  in  eight  of  water  and  two  of 
spirit  of  wine  forms  "  Solution  of  Tartaric  Acid,"  B.P.  Its 
aqueous  solution  is  not  stable. 

Parcels  of  tartaric  acid  often  contain  crystals  of  an  allo- 
typic or  physically  isomeric  modification  (vide  "Allotropy" 
and  "  Isomerism  "  in  Index).  It  is  termed  Paratartaric  acid 
(Trapa,  para,  beside)  or  Eacemic  acid  (racemus,  a  bunch  of 
grapes),  and  is  a  combination  of  ordinary  tartaric  acid,  whose 
solution  twists  a  ray  of  polarized  light  to  the  right  hand 
(dextrotartaric  or  dextroracemic  acid),  and  of  lsevotartaric  or 
lsevoracemic  acid,  whose  solution  twists  a  polarized  ray  to 
the  left*  Racemic  acid  is  inactive  in  this  respect,  the  oppo- 
site properties  of  its  constituents  neutralizing  each  other. 
Racemic  acid  is  less  soluble  in  alcohol  than  tartaric  acid. 

Reactions. 

Tartrate  of  Potassium. 

Synthetical  Reactions.— -To  a  small  quantity  of  a  strong 
solution  of  carbonate  of  potassium  add  acid  tartrate  of  potas- 

*  According  to  Van 't  Hoff  and  Le  Bel,  all  compounds  that  cause  such 
rotation  contain  at  least  one  atom  of  carbon  with  which  is  united  four 
different  atoms  or  radicals.  Such  carbon  atoms  are  conveniently  termed 
asymmetrical' 
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sium,  so  long  as  effervescence  occurs ;  the  resulting  liquid  is 
solution  of  neutral  tartrate  of  potassium  (Potassii  Tartras, 
B.P.)  (K2C4H,06),  crystals  of  which  may  be  obtained  on 
evaporation. 

Note. — This  is  a  common  method  of  converting  an  acid 
salt  of  a  bivalent  acidulous  radical  into  a  neutral  salt.  The 
carbonate  added  need  not  be  a  carbonate  of  the  same,  but 
may  be  of  a  different  metal ;  compounds  like  Rochelle  salt 
(KNaC4H406)  are  then  obtained.    Thus  : — 

Tartrate  of  Potassium  and  Sodium. 

To  a  strong  hot  solution  of  carbonate  of  sodium  add  acid 
tartrate  of  potassium  until  effervescence  ceases ;  the  resulting 
liquid  is  solution  of  tartrate  of  potassium  and  sodium  :  on 
cooling,  it  yields  crystals.  This  is  the  official  process  (Soda 
Tartarata,  B.P.)  (KNaC4H406,  4H20). 

Na2C03  +  2KHC4H406  =  2KNa04H406  +  H20  +  C03 

Carbonate  of        Acid  tartrate  Tartrate  of  potas-        "Water.  Carbonic 

sodium.  of  potassium.  sium  and  sodium.  acid  gas. 

Crystals  of  Rochelle  salt  are  usually  halves  of  colourless 
transparent  right  rhombic  prisms,  slightly  efflorescent  in 
dry  air,  soluble  in  five  parts  of  boiling  water.  Tartrate  of 
potassium  is  slightly  deliquescent,  soluble  in  about  four  parts 
of  boiling  water. 

Equivalent  Weights  of  Tartaric  Acid,  Carbonate  of  Potas- 
shcm,  Bicarbonate  of  Potassium,  Carbonate  of  Sodium 
(crystallized),  Bicarbonate  of  Sodium  and  Carbonates  of 
Ammonium  and  Magnesium :  repeated  for  20  parts 
of  each  (and,  incidentally  for  other  proportions). 


Tart.  Acid  . 

H,C.H4Oa   

=  150 

20 

181 

15 

10* 

17i 

28* 

31* 

Carb.  Potas.. 

K3C03  (of  81  per  cent.)  . 

=164 

22 

20 

161 

m 

19* 

31* 

34* 

Bicarb.  Pot.. 

2(KHCO„)  

=  200 

26? 

241 

20 

14 

23J 

381 

42 

Carb.  Sod.  . 

Na^CO,,  10H3O.    .    .  . 

=  280 

38 

31* 

28J 

20 

34 

51* 

60 

Bicarb.  Sod. 

2(NaHC03)  

=  168 

22* 

201 

10? 

11? 

20 

32 

35} 

Carb.  Ammon. 

(N,!!,  ,0,00-^-3x2    .  . 

=  105 

14 

12J 

10* 

71 

12* 

20 

2U 

Carb.  Magnes. 

(MgC0J).,Mg2H0,lU!10H- 

1=95-5 

12J 

Hi 

9f 

e? 

111 

18} 

20 
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Thus  20  parts  (grains  or  other  weights)  of  tartaric  acid 
neutralize  22  of  carbonate  of  potassium,  26|  of  bicarbonate 
of  potassium,  38  of  carbonate  of  sodium,  22£  of  bicarbonate 
of  sodium,  14  of  carbonate  of  ammonium,  or  12|  of  car- 
bonate of  magnesium.  Other  quantities  of  tartaric  acid 
(18£,  15,  10i  17f ,  28|,  31|)  saturate  the  amount  of  salts 
mentioned  in  the  other  columns,  and  vice  versd:  A  similar 
Table  for  Citric  Acid  will  be  found  at  p.  383,  and  for  both 
acids  in  the  Appendix.  These  Tables  afford  good  illus- 
trations of  both  of  the  laws  of  chemical  combination  (pp. 
44,  225).  The  reader  should  verify  a  few  of  the  numbers 
by  calculation  from  the  atomic  weights  of  the  elements  con- 
cerned in  the  reactions,  remembering  that  the  salts  formed 
are  considered  to  be  neutral  in  constitution.  In  medical 
practice  effervescing  saline  draughts  are  often  designedly 
prescribed  to  contain  an  amount  of  acid  or  alkali  considerably 
in  excess  of  the  proportions  required  for  perfect  neutrality. 

Effervescent  Tartarated  Soda  Poioder  (Pulvis  Sodce  Tar- 
taratce  Effervescens,  B.P.)  or  Seidlitz  Powder  consists  of  3 
parts  of  Rochelle  salt  (120  grains)  with  1  part  (40  grains)  of 
acid  carbonate  of  sodium  (the  mixture  usually  wrapped  in 
blue  paper)  and  1  part  (38  grains)  of  tartaric  acid  (wrapped 
in  white  paper).  When  administered,  one  powder  is  dis- 
solved in  a  tumbler  rather  more  than  half  full  of  water, 
the  other  added,  and  the  mixture  drunk  during  effervescence. 
It  will  be  seen  that  the  salts  swallowed  are  tartrate  of 
potassium  and  sodium  (KNaC4H40fi,  4H30),  tartrate  of 
sodium  (Na2C4H4O0,  2HoO),  and  acid  tartrate  of  sodium  or  of 
potassium.  The  last-mentioned  salt  results  because,  for  one 
reason,  2k  grains  of  the  tartaric  acid  is  in  excess  of  the 
quantity  necessary  for  the  formation  of  neutral  tartrate  of 
sodium ;  and,  for  another  reason,  because  while  carbonic  acid 
remains  in  great  excess,  a  neutral  tartrate  containing  potas- 
sium may  be  converted  more  or  less  into  acid  tartrate  of 
potassium  and  a  bicarbonate.  This  amount  of  acid  salt 
gives,  according  to  the  taste  of  some  persons,  agreeable 
acidity  to  the  draught.  The  American  formula  {Pulvis 
Effervcscens  Compositus,  U.S.P.)  includes  rather  less  tartaric, 
acid,  so  that  only  neutral  salts  are  formed,  and  the  occur- 
rence, or  permanent  occurrence  of  the  gritty  acid  tartrate 
of  potassium  avoided.  «  Double  "  seidlitz  powders  contain  a 
double  dose  of  Rochelle  salt. 
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Analytical  Eeactions  (Tests). 

First  Analytical  Reaction— -To  solution  of  any  normal  tar- 
trate, or  tartaric  acid  made  neutral  by  solution  of  soda,  add 
solution  of  chloride  of  calcium  ;  a  white  precipitate  (tartrate 
of  calcium,  CaC4H406,  4H.,0)  falls.  Collect  the  precipitate 
on  a  filter,  wash,  place  a  small  quantity  in  a  test-tube,  and 
add  solution  of  potash :  on  stirring  the  mixture  the  precipi- 
tate dissolves.  Heat  the  solution  :  the  tartrate  of  calcium  is 
again  precipitated. 

In  this  reaction  a  fair  amount  of  the  chloride  of  calcium 
solution  should  be  added  at  once,  and  the  test  be  performed 
without  delay,  or  the  calcium  tartrate  will  assume  a  crystal- 
line character,  and  be  with  difficulty  dissolved  by  the  potash. 
The  potash  should  be  quite  free  from  carbonate. 

The  solubility  of  tartrate  of  calcium  in  cold  potash  solu- 
tion enables  the  analyst  to  distinguish  between  tartrates  and 
citrates,  otherwise  a  difficult  matter.  Citrate  of  calcium  is 
not  soluble,  or  only  to  a  very  slight  extent,  in  the  alkali. 
The  absence  of  much  ammoniacal  salt  must  be  ensured, 
citrate,  as  well  as  tartrate,  of  calcium  being  soluble  in  solu- 
tions of  salts  of  ammonium. 

Second  Analytical  Reaction. — Acidulate  a  solution  of  a  tar- 
trate with  acetic  acid,  add  acetate  of  potassium,  and  well 
1  stir  the  mixture ;  a  crystalline  precipitate  (acid  tartrate  of 
potassium)  slowly  separates. 

This. reaction  is  not  applicable  in  testing  for  very  small 
quantities  of  tartrates,  the  acid  tartrate  of  potassium  being 
not  altogether  insoluble.  The  precipitate  being  insoluble  in 
alcohol,  however,  the  addition  of  spirit  of  wine  renders  the 
test  far  more  delicate. 

Third  Analytical  Reaction. — To  a  neutral  solution  of  a 
tartrate  add  solution  of  nitrate  of  silver ;  a  white  pi^ecipitato 
(tartrate  of  silver,  Ag2C4H,,Oc)  falls.  Boil  the  mixture ;  it 
blackens  owing  to  the  reduction  of  the  salt  to  metallic  silver. 
Or,  before  boiling,  add  a  drop,  or  less,  of  ammonia  ;  a  mirror 
will  form  on  the  tube — adhering  well  to  the  glass  if  the  tube 
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was  thoroughly  cleansed.  Even  an  insoluble  .tartrate,  placed 
in  a  dry  tube  with  a  few  fragments  of  nitrate  of  silver  and  a 
drop,  or  less,  of  ammonia  added,  gives  a  mirror-like  character 
to  each  fragment  of  silver  salt  when  the  tube  is  gently  l'otated 
some  inches  above  a  flame. 

Other  Reactions. — Tartrates  heated  with  strong  sulphuric 
acid  char  immediately.  -Tartaric  acid  and  the  soluble  tar- 
trates prevent  the  precipitation  of  ferric  and  other  hydrates 
by  alkalies,  solutions  of  double  tartrates  being  formed  (which 
on  evaporation  yield  liquids  that  do  not  crystallize,  but,  spread 
on  sheets  of  glass,  dry  up  to  thin  transparent  plates  or  scales). 
The  potassio-tartrate  of  iron  {Ferrum  Tartaratum,  B.P.)  is 

a  preparation  of  this  kind.  Tartrates  decompose  when 

heated,  carbonates  being  formed  and  carbon  set  free,  the 
gaseous  products  having  a  peculiar,  more  or  less  character- 
istic smell,  resembling  that  of  burnt  sugar. 


QUESTIONS  AND  EXEECISES. 

State  the  origin  of  tartaric  acid  and  other  tartrates,  and  explain  the 
deposition  of  argol,  crude  acid  tartrate  of  potassium,  during  the  manu- 
facture of  wine. — What  is  the  chemical  formula,  and  what  are  the 
characters,  of  "  cream  of  tartar  "  ? — Mention  the  formula  and  quantiva- 
lence  of  the  tartaric  radical. — Write  formula?  of  various  tartrates,  includ- 
ing tartar  emetic— Give  equations  or  diagrams  illustrative  of  the  pro- 
duction of  tartaric  acid  from  cream  of  tartar.— By  what  general  process, 
may  normal  or  double  tartrates  be  obtained  from  acid  tartrate  of 
potassium  ?— Work  out  sums  proving  the  correctness  of  some  of  the 
figures  given  on  p.  377  as  showing  the  saturating  power  of  tartaric  acid 
for  various  quantities  of  different  carbonates,  and  give  diagrams  or 
equations  of  the  reactions.— State  the  names  and  work  sums  showing 
quantities  of  the  salts  resulting  from  the  admixture  of  120  grains  of 
tartrate  of  potassium  and  sodium,  40  grains  of  acid  carbonate  of  sodium, 
and  38  grains  of  tartaric  acid  '(seidlitz  powder).— Enumerate  the  tests 
for  tartrates,  and  explain  the  effects  of  heat  on  tartrates  of  the  metals. 

CITRIC  ACID  AND  OTHER  CITRATES. 

Formula  of  Citric  Acid,  H3C8H507,  H20. 
Molecular  weight,  210. 

#<n(rce.--Citric  acid  (Acidum  Citricum,  B.P.)  exists  in  the 
juice  of  the  gooseberry,  currant,  cherry,  strawberry,  rasp- 
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berry,  and  many  other  fruits,  as  well  as  in  other  parts  of 
plants.  The  pulp  of  the  fruit  of  Tamarindus  indica  (Tama- 
rindits,  B.P.)  contains  from  1  to  12  per  cent,  (in  addition  to 
1*5  of  tartaric  acid,  -5  of  malic  acid,  and  3  per  cent,  of  acid 
tartrate  of  potassium).  But  it  is  from  the  lemon  or  lime 
that  the  acid  of  commerce  is  usually  obtained.  For  this 
purpose  concentrated  lemon-juice  is  exported  from  Sicily, 
concentrated  bergamot-juice  from  the  Calabrian  coast  of 
South  Italy,  and  concentrated  lime-juice  from  the  West 
Indies.  The  lime-fruit  from  Citrus  bergamia  is  official  in 
the  Pharmacopoeia  of  India. 

Process. — The  British  Pharmacopoeia  directs  that  the  hot 
lemon-juice  (4  pints)  be  saturated  by  powdered  chalk,  that 
is,  "whiting  (4f  ounces),  the  resulting  citrate  of  calcium 
collected  on  a  filter,  washed  with  hot  water  till  the  liquor 
passes  from  it  colourless  (by  which  not  only  the  colouring- 
matter,  but  the  mucilage,  sugar,  and  other  constituents  of 
the  juice  are  got  rid  of),  then  mixed  with  cold  water  (1  pint), 
decomposed  by  sulphuric  acid  (2|  fluid  ounces  in  1|  pints  of 
water),  the  mixture  boiled  for  half  an  hour,  filtered,  the  solu- 
tion evaporated  to  a  density  of  T21,  set  aside  for  24  hours, 
then  poured  off  from  any  deposit  of  crystalline  sulphate  of 
calcium,  further  concentrated  and  set  aside  to  crystallize.  If 
the  quantity  of  citrate  of  calcium  to  be  decomposed  is  in- 
definite, the  sulphuric  acid  may  be  added  until  a  little  of  the 
supernatant  fluid  gives,  after  a  minute  or  two,  a  precipitate 
with  solution  of  chloride  of  calcium.  The  concentrated  citric 
solution  generally  crystallizes  very  slowly.  Shaken  violently, 
however,  in  a  bottle  with  a  granule  or  two  of  solid  acid,  it 
quickly  yields  its  citric  acid  in  a  pulverulent  form,  and  this 
drained  and  redissolved  in  a  very  small  quantity  of  hot  water 
yields  crystals  fairly  quickly  (Warington). 

2H3C6H507  +  3CaC03  =  Ca3206HB07  +  3H20  +  3C02 

Citric  acid  Carbonate  Citrate  of  Water.  Carbonic 

(impure).  of  calcium.  calcium.  acid  gas. 

Ca32C6H507  +  3H2S04  =  2H3C6H507  +  3CaS04 

Citrate  of  Sulphuric  Citric  acid  Sulphate  of 

calcium.  acid.  (pure).  calcium. 

Quantivalence. — The  elements  represented  by  the  formula 
C6H507  are  those  characteristic  of  citrates.  They  form  a 
trivalent  grouping  ;  hence  three  classes  of  salts  may  exist — 
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one,  two,  or  three  atoms  of  the  basylous  hydrogen  in  one 
molecule  of  the  acid,  H3C6H507,  being  displaced  by  equiva- 
lent proportions  of  other  basvlous  radicals.  Constitutional 
formula,  C3H4(OH)(COOH)3. 

Citric  acid  itself  is  the  only  citric  compound  of  much  direct 
importance  to  the  pharmacist.  It  usually  occurs  in  colour- 
less crystals  soluble  in  naif  their  weight  of  boiling  and  three- 
fourths  of  cold  water,  less  soluble  in  spirit,  and  insoluble 
in  ether.  A  solution  of  36  to  46  grains  in  1  ounce  of  water 
forms  a  sort  of  artificial  lemon-juice.  Citrates  heated  with 
strong  sulphuric  acid  to  about  215°  F.  evolve  carbonic  oxide 
gas,  and  at  higher  temperatures  acetone  and  carbonic  acid  gas. 

The  artificial  production  of  citric  acid  has  been  accom- 
plished by  Grimaux  and  Adam,  who,  starting  with  glycerine, 
produce  certain  chloro-  and  cyano-derivatives  and  ultimately 
citric  acid  itself. 

Action  of  heat  on  citric  ac id.— Citric  acid  slowly  heated 
first  loses  its  water  of  crystallization  ;  afterwards  (347°  F.) 
the  elements  of  another  molecule  of  water  are  evolved  and  a 
residue  obtained  from  which  ether  extracts  aconitic  acid, 
H3C6H306,  identical  with  the  aconitic  acid  (and  the  acid 
first  termed  equisetic)  in  various  species  of  Aconitum  and 
Equisetum. 

The  official  Lemon-juice  (Limonis  Succus,  B.P.)  is  to  he 
freshly  expressed  from  the  ripe  fruit,  have  a  specific  gravity 
of  1-035  to  1-045,  and  contain  36  to  46  grains  of  citric  acid 
(H3C6H507,  H20)  in  1  fluid  ounce.  The  acidity  may  be  ascer- 
tained by  adding  solution  of  potash  or  soda  (the  strength  of 
which  has  been  determined  previously  with  pure  crj^stals 
of  citric  acid)  till  red  litmus-paper  is  fairly  turned  blue. 
Before  applying  this  test  to  commercial  specimens  of  lemon- 
juice,  the  absence  of  notable  quantities  of  sulphuric,  hydro- 
chloric, acetic,  tartaric,  or  other  acid  must  be  ensured  by 
application  of  appropriate  reagents.  (See  also  "  Lemon-juice  " 
in  Index.) 

Lime-juice  as  imported  into  England  contains  an  average 
of  7-84  per  cent,  of  citric  acid,  rarely  rising  to  10  per  cent, 
and  very  seldom  falling  to  7  per  cent.  Containing  but  little 
sugar  and  mucilage,  it  requires  no  addition  of  spirit  to  pre- 
serve it.  Lemon-juice  requires  about  40  per  cent,  of  proof 
spirit  to  prevent  fermentation  (Conroy). 
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Equivalent  Weights  of  Citric  Acid,  Carbonate  of  Potassium, 
Bicarbonate  of  Potassium,  Carbonate  of  Sodium  (crystal- 
lized), Bicarbonate  of  Sodium,  and  Carbonates  of  Ammo- 
nium and  Magnesium  :  repeated  for  20  parts  of  each  (and , 
incidentally,  for  other  proportions). 


Citric  Acid 

H:,C0HsO„H.J0.    .    .  . 

.  =210 

* 

20 
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14 

Qi 

16} 
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95 

6} 
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20 

Thus  20  parts  (grains,  or  other  weights)  of  citric  acid, 
neutralize  23|  of  carbonate  of  potassium,  28|  of  bicarbonate 
of  potassium,  40  of  carbonate  of  sodium,  24  of  bicarbonate  of 
sodium,  15  of  carbonate  of  ammonium,  or  13|  of  carbonate 
of  magnesium.  Other  quantities  of  citric  acid.  (17,  14,  9f, 
16f ,  26§,  29  j)  saturate  the  amounts  of  salts  mentioned  in  the 
other  columns,  and  vice  versd. 

This  Table,  the  similar  one  for  tartaric  acid  (p.  377),  and 
that  for  both  acids  (vide  Appendix)  afford  good  illustrations 
of  both  of  the  laws  of  chemical  combination  (pp.  44,  225). 
The  reader  should  verify  a  few  of  the  numbers  by  calculation 
from  the  atomic  weights  of  the  elements  concerned  in  the 
reactions,  remembering  that  the  salts  formed  are  considered 
to  be  neutral  in  constitution.  In  medical  practice,  effer- 
vescing saline  draughts  are  often  designedly  prescribed  to 
contain  an  amount  of  acid  or  alkali  considerably  in  excess  of 
the  proportions  required  for  perfect  neutrality. 

Analytical  Reactions  (Tests). 

First  Analytical  Reaction. — To  a  dilute  solution  of  any  neu- 
tral citrate,  or  citric  acid  carefully  neutralized  by  alkali,  add 
solution  of  chloride  of  calcium  and  boil ;  a  white  precipitate 
(citrate  of  calcium,  Ca32C6H507)  falls.  Treat  the  precipitate 
as  for  tartrate  of  calcium  (p.  379) ;  it  is  not  perceptibly 
dissolved  by  the  potash. 

A  mixture  of  citrates  and  tartrates  can  be  separated  by 
this  reaction.    They  are  precipitated  as  calcium  salts,  and 
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the  rapidly  washed  precipitate  mixed  with  solution  of  potash, 
diluted  and  filtered  ;  the  filtrate  contains  the  tartrate,  which 
is  shown  to  be  present  by  reprecipitation  on  boiling.  The 
precipitate  still  on  the  filter  is  washed,  dissolved  in  solution 
of  chloride  of  ammonium,  and  the  solution  boiled  ;  the  citrate 
of  calcium  is  reprecipij;ated.  The  presence  of  much  sugar 
interferes  with  this  reaction.  A  dilute  solution  of  a  citrate 
is  not  precipitated  by  chloride  of  calcium  until  the  liquid  is 
heated :  precipitation  from  a  strong  solution,  also,  is  not 
thoroughly  complete  without  ebullition  of  the  mixture.  This 
reaction  is  not  thoroughly  satisfactory,  citrate  of  calcium 
being  slightly  soluble  in  alkalies,  in  the  solutions  of  salts 
produced  in  the  reaction,  and,  to  a  very  slight  extent,  even 
in  cold  water.    It  is  readily  soluble  in  acetic  acid. 

Second  Analytical  Reaction. — To  a  neutral  solution  of  a 
citrate  add  solution  of  nitrate  of  silver  ;  a  white  precipitate 
(citrate  of  silver,  Ag3C6H507)  falls.  Boil  the  mixture ;  the 
precipitate  does  not  blacken  as  tartrate  of  silver  does,  or 
only  after  long  boiling. 

Other  Analytical  Reactions. — Citric  acid  forms  no  precipi- 
tate corresponding  with  the  acid  tartrate  of  potassium.  

Lime-water,  in  excess,  gives  no  precipitate  with  citric  acid  or 
citrates,  unless  the  solution  is  boiled,  citrate  of  calcium  being 
slightly  soluble  in  cold  but  not  in  hot  water ;  it  usually  pre- 
cipitates tartrates  in  the  cold.  Citrates,  when  heated  with 

strong  sulphuric  acid,  do  not  char  immediately.  Citric  acid 

and  citrates  prevent  the  usual  precipitation  of  iron  by 
alkalies,  soluble  double  compounds  being  formed.    The  Fo  ri 

et  Ammonii  Citras,  B.P.,  is  a  preparation  of  this  kind.  

Metallic  citrates  decompose  when  heated,  carbonates  being 
formed  and  carbon  set  free ;  the  odour  of  the  gaseous  products 

is  not  so  characteristic  as  that  of  tartrates.  According  to 

Cailletet  a  cold  saturated  solution  of  red  chromate  of  potas- 
sium turns  a  solution  of  tartaric  acid  dark-brown,  carbonic 
acid  gas  being  evolved,  while  a  solution  of  citric  acid  only 
slowly  becomes  of  a  light-brown. 

Pusctis  test  for  the  detection  of  tartaric  acid  in  citric  acid 
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depends  on  the  well-known  difference  in  the  action  of  sul- 
phuric acid  on  tartaric  acid  and  on  citric  acid.  It  consists 
in  adding  to  1  gramme  of  powdered  citric  acid  in  a  dry  test- 
tube  10  grammes  of  strong  pure  (colourless)  sulphuric  acid,  and 
keeping  the  part  of  the  tube  containing  the  mixture  immersed 
in  boiling  water  for  an  hour.  The  citric  acid  dissolves  with 
evolution  of  gas  and  frothing  to  form  a  lemon-coloured  liquid, 
and  if  the  sample  be  pure  this  colour  undergoes  no  change 
within  half  an  hour ;  but  if  as  much  as  half  per  cent,  of 
tartaric  acid  be  present,  the  lemon  colour  becomes  brownish 
within  that  time,  and  in  an  hour  the  mixture  is  red- brown. 


QUESTIONS  AND  EXERCISES. 

What  is  the  source  of  citric  acid  ?— Describe  the  preparation  of  citric 
acid,  giving  diagrams. — Illustrate  by  formulae  the  various  classes  of  tar- 
trates and  citrates. — State  the  average  proportion  of  citric  acid  in  lemon- 
juice. — Work  out  sums  proving  the  correctness  of  some  of  the  figures 
given  on  p.  383  as  showing  the  saturating  power  of  citric  acid  for 
various  carbonates. — What  are  the  tests  for  citrates  ? — How  are  tartrates 
separated  from  citrates  ? 


PHOSPHORIC  ACID  AND  OTHER  PHOSPHATES. 

Formula  of  the  Acid,  H3P04  or  PO(OH)3. 
Molecular  weight,  98. 

Source.  —  The  source  of  the  ordinary  normal  phosphates  and 
of  phosphorus  itself  (Phosphorus,  B.P.)  is  the  normal  phos- 
phate of  calcium  (Ca32P04).  It  is  the  chief  constituent  of 
the  bones  and  teeth  of  animals,  being  derived  from  the  plants 
on  which  they  feed,  plants  again  obtaining  it  from  the  soil. 
Compounds  of  phosphorus  are  also  met  with  in  the  brain, 
nerves,  muscles,  blood,  saliva,  and,  according  to  Kirkes,  even 
in  tissues  so  simple  that  one  must  assume  that  the  compounds 
are  necessary  constituents  of  the  substance  of  the  primary 
cell.  They  escape  from  the  system  both  in  the  urine  and  in 
the  faeces. 

Process. — Phosphorus  (P=31)  is  obtained  from  bones  by 
the  following  processes  : — The  bones  are  burnt  to  remove  all 
traces  of  animal  matter.    The  resulting  bone-earth  is  treated 
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with  hot  and  fairly  strong  sulphuric  acid,  by  which  phos- 
phoric acid  and  sulphate  of  calcium  are  produced  :— 

Ca32P04  +  3H2S04  =  2H3P04  +  3CaS04. 

The  acid  fluid  strained  from  the  sulphate  and  concentrated, 
is  mixed  with  charcoal,  coke  or  sawdust,  and  dried  in  an  iron 
pot.  At  this  stage  water  escapes  and  metaphosphoric  re- 
mains :-2H3P04=2HP03  +  2H30. 

The  mixture  is  then  transferred  to  a  fireclay  retort  and 
strongly  heated ;  phosphorus  vapour  is  evolved  and  is  con- 
densed under  water : — 

4HP03  +  C12  =  H2  +  12CO  +  P4. 

The  phosphorus  is  purified  by  melting  under  water  con- 
taining sulphuric  acid  and  red  chromate  of  potassium,  and 
is  filtered  through  canvas  and  cast  into  sticks. 

Properties.— Phosphorus  is  "  a  semi-transparent,  colourless, 
wax-like  solid  (in  sticks  or  cakes),  which  emits  white  vapours 
when  exposed  to  the  air.  Specific  gravity,  1-77.  It  is  soft 
and  flexible  at  common  temperatures,  melts  at  110°  F.,  ignites 
in  the  air  at  a  temperature  a  little  above  its  melting-point, 
burning  with  a  luminous  flame  and  producing  dense  white 
fumes.  It  is  very  poisonous.  Insoluble  in  water,  but  soluble 
in  ether  and  in  boiling  oil  of  turpentine,"  also  in  bisulphide 
of  carbon.  It  is  soluble  in  oil  which  has  been  previously 
heated  for  a  short  time  to  about  300°  F.  to  expel  moisture- lb 
grains  in  4  fluid  ounces  of  dried  almond-oil  constituting 
Phosphorated  Oil  {Oleum  Phosphor ntum,  B.P.).  A  mixture 
or  perhaps  a  solution,  of  phosphorus  in  balsam  of  tolu  and 
yellow  wax  with  curd  soap,  forms  the  official  Phosphorus 
Pill  (Pilula  Phosphori,  B.P.).  .  . 

Granulated  or  pulverulent  phosphorus  is  obtained  by  plac- 
ing a  portion  under  equal  parts  of  spirit  and  water  m  a  bottle, 
standing  the  bottle  in  warm  wa-ter  till  the  phosphorus  melts, 
then  inserting  the  stopper  (glass,  not  cork),  and  shaking  the 
whole  till  cold.  ,  . 

Red  or  Amorphous  Phosphorus.— Ordinary  phosphorus  kept 
at  a  temperature  of  about  450°  Fahr.,  in  an  atmosphere  from 
which  air  is  excluded,  becomes  red,  opaque,  insoluble  in 
liquids  in  which  ordinary  phosphorus  is  soluble  oxidizes 
extremely  slowly,  and  only  ignites  when  heated  to  near  50U 
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Fahr.  It  is  used  in  the  manufacture  of  several  varieties  of 
lucifer-matches,  not  emitting  the  poisonous  jaw-destroying 
fumes  given  off  by  ordinary  phosphorus. 

Quantivalence. — The  atom  of  phosphorus  is  quinquivalent, 
as  seen  in  the  pentachloride  (PC16)  and  oxychloride  (POCl3) ; 
but  it  often  exhibits  trivalent  activity,  as  seen  in  the  tri- 
chloride (PC13)  and  trihydride  (PH§). 

Molecular  weight. — Phosphorus  is  an  exception  to  the  rule 
that  the  atomic  weights  (in  grains,  grammes,  etc.)  of  ele- 
ments occupy  similar  volumes  of  vapour  at  similar  tempera- 
tures, the  equivalent  weight  of  phosphorus  (31)  only  giving 
half  such  a  volume.  Hence,  while  the  molecular  weights, 
that  is,  double  the  atomic  weights,  of  oxygen  (02  =  32), 
hydrogen  (H2  =  2),  nitrogen  (N2  =  28),  etc.,  give  a  similar 
bulk  of  vapour  at  any  given  temperature,  the  double  atomic 
weight  of  phosphorus  (P2  =  62)  only  gives  half  this  bulk; 
that  is,  four  times  the  atomic  weight  of  phosphorus  must  be 
taken  to  obtain  the  whole  bulk.  It  would  appear,  therefore, 
that  the  molecule  of  phosphorus  contains  four  atoms  P4= 
124.  As  with  sulphur,  however,  phosphorus  in  the  state 
ordinarily  known  to  us  may  be  abnormal,  and  conditions 
yet  be  found  in  which  the  molecular  weight  is  double  the 
atomic  weight. 

Phosphoric  Acid. 

The  chief  use  of  phosphorus  in  pharmacy  is  for  the  produc- 
tion of  Diluted  Phosphoric  Acid.  Phosphorus  is  boiled  with 
nitric  acid  and  water  until  dissolved.  The  solution,  eva- 
porated to  a  low  bulk  to  remove  nitrous  compounds  and 
diluted  until  the  product  has  a  specific  gravity  of  1*5,  contains 
about  two-thirds  of  real  acid  (H3POJ  and  one-third  water, 
and  is  the  Acidwn  Phosphor icum  Concentration,  B.P.  The 
latter,  diluted  so  as  to  contain  nearly  14  (13-8)  per  cent,  of 
acid  (H3PO.,),  equivalent  to  10  per  cent,  of  phosphoric  anhy- 
dride (P205),  constitutes  the  Acidum  Phosphoricum  Dilutum, 
B.P.,  a  colourless  sour  liquid  of  specific  gravity  1-08.  If  the 
necessary  appliances  are  at  hand,  specimens  may  be  prepared 
by  the  official  process  as  follows: — Three-quarters  of  an 
ounce  of  the  concentrated,  or  a  quarter  of  a  pint  of  the 
diluted,  is  made  by  boiling  together,  in  a  flask  attached  to 
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a  vertical  condenser,  103  grains  of  phosphorus,  1|  fluid  ounces 
of  the  official  nitric  acid,  and  2  ounces  of  water.  By  some 
such  arrangement  the  condensed  products  are  returned  to 
the  flask.  The  operation  is  continued  until  the  phosphorus 
has  disappeared. 

3P4   +   20HNO3    +   8H20   =   12H3P04   +  20NO 

Phosphorus.      Nitric  acid.  Water.  Phosphoric  acid.       Nitric  oxide. 

The  liquid  remaining  in  the  flask  is  then  transferred  to  a 
dish  (preferably  of  platinum),  evaporated  down  to  about  half 
an  ounce,  and  lastly,  diluted  with  distilled  water. 

The  use  of  the  water  in  the  former  part  of  the  process  is 
to  moderate  the  reaction.  Strong  hot  nitric  acid  oxidizes 
phosphorus  with  almost  explosive  rapidity,  hence  the  acid 
must  be  diluted  in  the  first  instance,  and  the  dilution  be 
maintained  to  prevent  its  becoming  too  strong  by  <  loss  of 
water.  Time  is  saved  by  using  a  strong  acid,  but  m  that 
case  constant  supervision  is  necessary  in  order  that  water 
may  be  added,  or  the  temperature  otherwise  reduced,  should 
the  action  become  too  violent.  Deficiency  of  nitric  acid 
must  also  be  avoided,  or  some  phosphorous  acid  (H^HUg) 
will  be  formed.  , 

Markoe,  also  to  economize  time,  modifies  the  process  by 
adding  for  every  ounce  of  phosphorus  4  or  5  grains  of  iodine, 
and,  drop  by  drop,  25  or  30  drops  of  bromine.  The  iodine 
and  bromine  unite  with  the  phosphorus  with  a  readiness  or 
even  violence  that  would  be  explosive  if  not  controlled  by  the 
m-esence  of  the  cold  fluids-further  cooled,  if  necessary,  by 
Fmmersing  the  vessel  in  cold  water.  Iodide  of  phosphorus 
PL)  and  bromide  of  phosphorus  (PBrB)  are  at  once  formed 
These  in  the  presence' of  water  immediately  yield  hydnodic 
and  hydrobromic  acids  (HI,  HBr)  and  phosphoric  acid.  The 
nSricacid  attacks  the  hydriodic  and  hydrobromic  acids, 
forming  the  lower  oxides  of  nitrogen,  which  escape  as  gas, 
wX"gand  free  iodine  and  bromine.  The  latter  unite  with 
more  phosphorus,  and  the  reactions  are  repeated  This 
Triving  power  of  a  little  iodine  or  bromine  or  both  would 
S™  be  indefinitely  prolonged  if  no  vapour  of  these  ele- 
mente  or  their  acids  escaped  with  the  gases.  The  phosphorus 
£  ^disappeared,  excess  of  nitric  acid  k  got  rid  of  rough  y 
by  dipping  in  clean  rags  or  paper  (nitric  oxide,  carbonic 
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acid  gas,  and  water  being  formed)  and,  the  last  portions, 
by  adding  oxalic  acid  (which,  even  still  more  readily  yields 
similar  products).  Evaporation  to  a  syrupy  consistence 
finally  removes  all  traces  of  iodine,  bromine,  oxalic  acid,  and 
moisture.  The  product  is  then  diluted  to  any  required 
extent. 

Experimental  process. — A  flask,  in  the  neck  of  which  a 
funnel  is  inserted,  and  a  second  funnel 
inverted,  so  that  its  mouth  rests  within 
the  mouth  of  the  first,  is  an  efficient  and 
convenient  arrangement  of  apparatus  for 
the  official  process,  especially  if  the  opera- 
tion be  conducted  slowly.    (See  fig.  40.) 

Solution  of  phosphoric  acid  evaporated 
to  a  sp.  gr.  of  1'850  yields  a  mass  of  pris- 
matic crystals  of  H3P04,  especially  if  a 
crystal  or  two  be  dropped  into  the  fluid 
(Cooper).  Further  evaporated,  it  leaves 
a  residue  which  melts  at  a  low  red  heat, 
yielding  pyrophosp>horic  acid,  and 
finally,  metaphosphoric  acid  (Glacial 
Phosphoric  Acid). 

A  commercial  variety  of  phosphoric 
acid,  containing  no  large  amount  of  impurity,  is  prepared  by 
well  digesting  a  mixture  of  bone-ash,  sulphuric  acid,  and 
water ;  filtering,  concentrating,  precipitating  calcium  by 
strong  sulphuric  acid ;  and  heating  until  sulphuric  vapours 
cease  to  escape.  Also  by  burning  phosphorus  to  phosphoric 
anhydride,  dissolving  the  latter  in  water,  and  boiling  with  a 
little  nitric  acid  to  oxidize  any  lower  acids  of  phosphorus 
and  to  cause  any  meta-  or  pyro-phosphoric  acid  to  take  up 
the  elements  of  water. 

Prepared  from  bones,  phosphoric  acid  is  apt  to  develop 
fungoid  deposits  (Jensen).  Prepared  from  phosphorus,  it 
occasionally  contains  arsenium  in  the  form  of  arsenic  acid. 
The  latter  is  detected  and  removed,  together  with  any  traces 
of  platinum  or  lead,  on  passing  sulphuretted  hydrogen 
through  the  warmed  acid. 

Quantivalence. — The  elements  represented  by  the  formula 
P04  are  those  characteristic  of  phosphates.  The  grouping  is 
trivalent ;  hence  there  may  exist  trimetallic  phosphates 
(M'3P0J,  dimetallic  acid  phosphates  (M2'HPO,,)  or  mono- 
metallic acid  phosphates  (M'H2P04)  and,  lastly,  trihydric 
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phosphate  (H3P04),  or  common  phosphoric  acid.  These  are 
the  ordinary  phosphates,  or  orthophosphates,  met  with  in 
nature  or  used  in  pharmacy ;  the  rarer  pyrophosphates  and 
metaphosphates,  as  well  as  the  phosphites  and  hypophosphites, 
will  be  mentioned  subsequently.  Crude  dry  phosphate  of 
calcium  ground  with  sulphuric  acid  yields  the  very  largely 
used  artificial  manure  termed  "  superphosphate."  It  contains 
acid  phosphate  of  calcium  (CaH42P04,  2H00)  and  sulphate  of 
calcium  (CaS04,  2H20). 


Analytical  Reactions  (Tests). 

First  Analytical  Reaction.— To  an  aqueous  solution  of  a 
phosphate  (e.g.  Na2HP04)  add  solution  of  sulphate  of  mag- 
nesium with  which  chloride  of  ammonium  and  ammonia  have 
been  mixed  ;  a  white  crystalline  precipitate  falls  (ammonio- 
magnesian  phosphate,  MgNH4P04). 

Chloride  of  ammonium  is  added  to  prevent  the  precipita- 
tion of  hydrate  of  magnesium.  Arseniates,  which  have  close 
analogy  to  phosphates,  give,  with  the  magnesian  reagent,  a 
precipitate  of  similar  character. 

Second  Analytical  Reaction— To  an  aqueous  solution  of  a 
phosphate  add  solution  of  nitrate  of  silver;  light  yellow 
phosphate  of  silver  (Ag3P04)  is  precipitated— completely,  if 
the  mixture  be  neither  acid  nor  alkaline.  To  a  portion  of 
the  precipitate  add  ammonia  ;  it  dissolves.  To  another  por- 
tion add  nitric  acid ;  it  dissolves.  By  the  former  part  of 
this  reaction  phosphates  may  be  distinguished  from  their 
close  allies,  the  arseniates,  arseniate  of  silver  being  of  a 
chocolate  colour. 

Third  Analytical  Reaction— To  a  solution  (in  a  few  drops 
of  acid)  of  a  phosphate  insoluble  in  water  (e.g.  Ca32PO.,)  add 
the  acetate  of  an  alkali  metal  (easily  made  by  adding  to  soda 
or  ammonia  in  a  test-tube  excess  of  acetic  acid),  and  then  a 
drop  or  two  of  solution  of  perchloride  of  iron ;  a  yellowish 
white  precipitate  falls  (ferric  phosphate,  Fe22PO,),  insoluble 
in  acetic  acid.    Too  much  of  the  ferric  chloride  must  not  be 
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added,  or  ferric  acetate  will  be  produced,  in  which  the  ferric 
phosphate  is  to  some  extent  soluble. 

To  remove  the  whole  of  the  phosphoric  radical  from  the 
solution  add  ferric  chloride  so  long  as  a  precipitate  is  produced, 
and  boil ;  ferric  phosphate  and  oxyacetate  are  precipitated. 

To  obtain  confirmatory  evidence  of  the  presence  of  phos- 
phate in  this  precipitate,  and  to  separate  the  phosphoric  radi- 
cal as  a  more  characteristic  phosphate,  collect  the  precipitate 
on  a  filter,  wash,  drop  some  solution  of  ammonia  on  it,  then 
sulphydrate  of  ammonium,  and  finally  wash  with  water  ;  black 
ferrous  sulphide  remains  on  the  Biter,  while  phosphate  of 
ammonium  occurs  in  the  filtrate.  To  the  filtrate  add  a  mix- 
ture of  solutions  of  sulphate  of  magnesium  and  chloride  of 
ammonium,  and  well  stir  ;  a  granular  precipitate  (ammonio- 
magnesian  phosphate)  appears. 

Fourth  Analytical  Reaction— In  diluted  nitric  acid  dis- 
solve a  little  phosphate  of  calcium  (or  any  other  phosphate) 
and  then  add  solution  of  molybdate  of  ammonium,  and  gently 
heat ;  a  yellow  precipitate  falls. 

This  precipitate  contains  what  is  somewhat  indefinitely 
termed  phospho-molybdic  acid — a  compound  of  molybdic 
acid  with  phosphoric  acid  (about  4  per  cent,  of  H3P04)  with 
ammonia  (nearly  7  per  cent.). 

Molybdate  of  ammonium  is  obtained  by  roasting'the  native 
sulphide  of  molybdenum  (MoS2)  to  molybdic  oxide  or  anhy- 
dride (Mo03),  dissolving  the  latter  in  water,  adding  ammonia, 
evaporating  and  crystallizing. 

Molybdates  having  the  following  formulae  (M  =  l  univalent 
atom  of  any  metal)  have  been  obtained  :— M2Mo04 ;  MHMoO;, ; 
MHMo0.t,H2Mo04.  According  to  Carington,  commercial 
molybdate  of  ammonium  is  commonly  the  intermediate  of  the 
three  salts. 

Note. — The  foregoing  two  reactions  are  useful  in  the 
analysis  of  bone-earth,  of  other  earthy  phosphates,  phosphate 
of  iron,  and  all  phosphates  insoluble  in  water.  Only  arsen- 
ates give  similar  appearances  ;  but  the  acid  solution  of  these 
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may  be  decomposed  by  agitation  with  sulphurous  acid,  ebulli- 
tion and  subsequent  treatment  with  sulphuretted  hydrogen 
— yellow  arsenious  sulphide,  As2S3,  being  then  precipitated. 

Other  Analytical  Reactions. —  Solutions  of  barium  and  cal- 
cium salts  give,  with  aqueous  solutions  of  phosphates,  white 
precipitates  (of  the  respective  phosphates  BaHP04,or  Ba32P04, 
and  CaHP04,  or  Ca32P04),  all  of  which  are  soluble  in  acetic 
and  the  stronger  acids. 


QUESTIONS  AND  EXEKCISES. 

State  the  source  of  phosphorus. — Give  equations  or  diagrams  explana- 
tory of  the  isolation  of  phosphorus  from  its  natural  compounds. — What 
is  the  composition  of  farmers'  "  superphosphate,"  and  how  is  it  prepared  ? 
Enumerate  the  properties  of  phosphorus. — Mention  some  solvents  of 
phosphorus. — How  are  the  official  varieties  of  phosphoric  acid  made  ? 
Describe  the  precautions  to  be  observed  in  making  this  acid. — What  are 
the  strengths  of  the  official  acids  ?— Write  formula?  illustrative  of  all 
classes  of  orthophosphates. — Mention  the  chief  tests  for  soluble  and  in- 
soluble phosphates. — By  what  reactions  may  phosphates  be  distinguished 
from  arseniates  ? 


Vanadium,  V,  51-3,  is  a  very  rare  element,  and  is  here 
mentioned  only  because  of  its  exceedingly  interesting  relation- 
ship to  nitrogen,  phosphorus,  ar senium,  and  antimony ;  it 
with  them  forming  five  closely  connected  members  of  one 
family.  Discovered,  but  not  isolated,  by  Sefstrom,  and  its 
compounds  investigated  by  Berzelius,  it  has  only  of  late  years 
been  obtained  in  the  free  state  and  fully  studied  by  Roscoe. 

N2o5,  n8o4,  N,o8,  n3o2,  NA  va,  va,  VA,  v,ot>  VA 

Orthophosphates  .    R',P04       Orthovanadates  .  R'sV04 
Pyrophosphates    .    R'4P207      Pyrovanadates    .  R'4V807 
Metaphosphates    .    R'PO.,        Metavanadates   .  R'VOs 

IsomorpJwus  Minerals. 

Apatite   3(0a82P04),  CaF2 

Pyromorphite   3(Pb;i2PO,),  PbCl, 

Mimetesite   8(Pb82AsOA  PbCl2 

Vanadinite   3  (Pb.,2VO.t),  PbCl2 
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BORIC  ACID  AND  OTHER  BORATES. 

Formula  of  Boric  Acid,  H3B03.    Molecular  weight,  62. 

The  composition  of  artificial  boric  acid,  sometimes  termed 
boracic  acid,  is  expressed  by  the  formula  H3B03  ;  but  at  a 
temperature  of  212°  F.  this  body  loses  the  elements  of  water 
and  yields  metaboric  acid,  HB02,  which,  at  higher  tempera- 
tures, becomes  boric  anhydride  (B203).  Metaboric  acid  exists 
in  the  jets  of  steam  (famerolles,  or  suffioni)  that  issue  from 
the  earth  in  some  districts  of  Tuscany,  and  collects  in  the 
water  of  the  lagoni  (lagoons  or  little  lakes)  formed  at  the 
orifices  of  the  steam  channels.  This  acid  liquid,  evapbrated 
by  aid  of  the  waste  natural  steam  and  neutralized  by  carbon- 
ate of  sodium,  gives  common  borax,  possibly  a  metaborate 
of  sodium  and  of  hydrogen,  with  water  of  crystallization 
(2NaBOo,2HB02,9H20) ;  or  possibly  a  metaborate  of  sodium 
with  boric  anhydride  (2NaBO2,B2O3,10H2O) ;  or  possibly  a 
pyroborate  of  sodium  (Na2B4O7,10H2O),  analogous  to  the  pyro- 
chromate  of  potassium "  (K2Cr207)  or  pyrosulphuric  acid 
(H2S207).  It  is  sometimes  termed  biborate  of  sodium.  It 
occurs  "in  transparent  colourless  crystals,  occasionally  slight- 
ly effloresced,  with  a  weak  alkaline  reaction;  insoluble  in 
rectified  spirit,  soluble  in  water."  Native  borax,  or  tincal, 
and  other  borates,  are  also  found  in  Thibet,  Nevada,  Peru, 
Chili,  and,  recently,  in  California  in  the  Colorado  district. 
The  introduction  of  the  natural  borax  from  California  has 
reduced  the  price  to  about  one-half  its  former  amount.  The 
Californian  borax  is  represented  as  forming  large  portions  of 
the  crystalline  bed  of  a  dried-up  lake.  Borax  is  also  largely 
made  by  boiling  native  borate  of  calcium  with  carbonate  of 
sodium. 

Fused  borax  readily  dissolves  metallic  oxides,  as  will  have 
been  noticed  already  in  testing  for  cobalt  and  manganese. 
Hence,  besides  its  use  in  medicine  {Borax,  B.P. ;  Mel  Boracis, 
B.P.,  and  Glycerinum  Boracis,  B.P.),  it  is  employed  as  a 
flux  in  refining  and  other  metallurgic  and  ceramic  operations. 

Quantivalence. — The  boric  radical  is  trivalent  (B03"') ; 
the  metaboric,  univalent  (B02'). 

The  element  boron,  like  carbon,  occurs  in  the  amorphous, 
graphitoidal,  and  crystalline  conditions.  It  is  a  trivalent 
element  (B'"),  yielding  definite  salts,  such  as  the  chloride 
(BC13)  and  fluoride  (BF3).    Its  atomic  weight  is  11. 
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Reactions. 

First  Synthetical  Reaction. — To  a  hot  solution  of  a  crystal 
of  borax  add  a  few  drops  of  sulphuric  acid  and  set  aside ; 
on  cooling,  crystalline  scales  of  boric  acid  (H3B03)  (Acidum 
Boricum,  B.P.)  are  obtained.  They  may  be  purified  by 
collecting  on  a  filter,  slightly  washing,  drying,  digesting  in 
hot  alcohol,  filtering,  and  setting  aside ;  pure  boric  acid  is 
deposited.  The  acid  may  also  be  recrystallized  from  water. 
Fifty  grains  dissolved  in  one  ounce  of  rectified  spirit  consti- 
tutes "  Solution  of  Boric  Acid,"  B.P. 

Boric  acid  occurs  in  "  colourless,  pearly,  lamellar  crystals ; 
unctuous  to  the  touch ;  taste  feebly  sour  and  bitter  and 
leaving  a  sweetish  after-flavour  in  the  mouth.  Soluble  in  25 
parts  of  water,  5  of  glycerine,  16  of  rectified  spirit  at  60°  F. 
(15-5°  C),  and  in  3  of  boiling  water.  It  changes  the  colour 
of  litmus  to  wine-red ;  turmeric  paper,  moistened  with  an 
aqueous  solution  slightly  acidified  with  hydrochloric  acid, 
becomes  brownish-red  on  gently  drying,  and  this  colour 
changes  to  a  greenish  if  solution  of  potash  be  added.  The 
alcoholic  solution  burns  with  a  flame  tinged  with  green.  The 
crystals  liquefy  when  warmed,  and  on  careful  ignition  lose 
43£  per  cent,  of  their  weight,  the  product  solidifying,  on 
cooling,  to  a  brittle  glass-like  mass."  , 

Boric  acid  is  a  very  weak  compound.  Indeed  the  alkalinity 
of  borax  is  as  great  as  if  it  contained  no  acidulous  material. 
The  acid  only  slowly  decomposes  carbonates. 

Second  Synthetical  Reaction. -Mix  together  1  part  of  boric 
acid,  4  parts  of  acid  tartrate  of  potassium,  and  10  or  20  of 
water ;  evaporate  to  a  syrupy  consistence,  spread  on  plates 
and  set  aside  for  dry  scales  to  form.  The  resulting  substance 
is,  in  water,  far  more  readily  soluble  than  either  of  its  con- 
stituents, and  is  known  as  boro-tartrate  of  potasshim,  or 
soluble  cream  of  tartar.  The  Prussian  tartarus  boraxatus 
differs  from  the  foregoing  French  variety  in  containing  1 
part  of  borax  to  3  of  acid  tartrate  of  potassium. 

Analytical  Reactions  (Tests). 
First  Analytical  Reaction.— Dip  a  piece  of  turmeric  paper 
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(paper  soaked  in  tincture  of  turmeric  tubers  and  dried)  into 
a  solution  of  boric  acid ;  it  is  coloured  brown-red,  as  by 
alkalies. 

The  usual  way  of  applying  this  test  is  as  follows  :— Add ^ to 
a  solution  of  any  borate  a  few  drops  of  hydrochloric  acid, 
immerse  half  of  a  slip  of  turmeric  paper  in  the  liquid,  then 
remove  the  hydrochloric  acid  by  drying  the  paper  over  a 
flame.  Concentrated  hydrochloric  acid  and  ferric  chloride 
produce  a  somewhat  similar  effect. 

Second  Analytical  Reaction.— To  a  fragment  of  a  borate,  or 
metaborate  (borax,  for  example)  in  a  small  dish  or  watch- 
glass,  add  a  drop  of  sulphuric  acid  and  then  a  little  alcohol, 
warm  the  mixture  and  set  light  to  the  spirit ;  the  resulting 
flame  will  be  tinged  of  a  greenish  colour  at  its  edges  by  the 
volatilized  metaboric  acid  or  boric  anhydride. 

The  liquid  should  be  well  stirred  while  burning.  Salts  of 
copper  and  some  metallic  chlorides  produce  a  somewhat 
similar  colour.  The  flame-test  may  also  be  applied  to  &  little 
of  a  mixture  of  the  borate  with  strong  sulphuric  acid  on  a 
platinum  wire.  Glycerine  may  be  used  in  place  of  sulphuric 
acid  (lies),  the  reaction  with  borax  being,  according  to 
Dunstan,  the  formation  of  borate  of  glyceryl,  C3H5B03, 
water,  and  metaberate  of  sodium,  the  borate  of  glyceryl  and 
water  reacting  immediately  to  form  boric  acid  and  glycerine. 

Other  Analytical  Reactions. — In  solutions  of  borax,  barium 
salts  give  a  white  precipitate  (barium  metaborate,  Ba2BOa), 
soluble  in  acids  and  alkaline  salts.  Nitrate  of  silver  also 
affords  a  white  precipitate  (metaborate  of  silver,  AgB02), 
soluble  in  nitric  acid  and  in  ammonia.  Chloride  of  calcium, 
if  the  solution  is  not  too  dilute,  gives  a  white  precipitate 
(borate  of  calcium,  CaB02). 


QUESTIONS  AND  EXERCISES. 

Illustrate  the  relation  of  vanadium  to  nitrogen  by  formula)  of  compounds 
of  each  element. — Describe  the  preparation  of  borax. — Give  the  formulas 
of  boric  acid,  metaboric  acid,  and  borax. — Mention  the  tests  for  borates 
or  metaborates. 
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The  foregoing  acids  and  other  salts  contain  the  only  acidu- 
lous radicals  that  are  commonly  met  with  in  analysis  or  in 
ordinary  medical  or  pharmaceutical  operations.  There  are, 
however,  many  others  which  occasionally  present  themselves. 
The  chief  of  these  will  now  be  shortly  noticed ;  they  are 
arranged  in  alphabetical  order  to  facilitate  reference. 


SALTS  OF  RARER  ACIDULOUS  RADICALS. 

Benzoic  Acid  (HC7H502)  and  other  Benzoates. — Slowly 
heat  a  fragment  of  benzoin  (Grum  Benjamin)  (Benzoinum, 
B.P.)  in  a  test-tube;  benzoic  acid  (Acidum  Benzoicum,  B.P.) 
rises  in  vapour  and  condenses  in  small,  white,  feathery  plates 
and  needles  on  the  cool  sides  of  the  tube.  If  the  benzoin  is 
first  mixed  with  twice  its  weight  of  sand  or  roughly  powdered 
pumice-stone,  and  the  heat  very  cautiously  applied,  the  pro- 
duct will  be  less  likely  to  be  burnt,  and  a  larger  quantity 
will  be  yielded.  By  repeated  sublimation  10  to  15  per  cent, 
may  be  obtained. 

A  more  economical  process  is  to  boil  the  benzoin  with  one- 
fourth  its  weight  of  lime,  filter,  concentrate,  decompose  the 
solution  of  benzoate  of  calcium  by  hydrochloric  acid,  collect 
the  precipitated  benzoic  acid,  press  between  paper,  dry,  and 
sublime  in  a  tube  or  other  vessel. 

2H07H502     +     Ca2HO     =     Ca2C7H502    +  2H20 

Benzoic  acid"  Hydrate  of  Benzoate  of  Water, 

(impure).  calcium.  calcium. 

Ca2C7H503     +     2HC1     =    CaCl2    +  2HC?H602 

Benzoate  of  Hydrochloric         Chloride  of  Benzoic  acid 

calcium.  acid.  calcium.  (pure). 

There  is  always  associated  with  the  product  a  minute 
quantity  of  a  mixture  of  volatile  oils  of  agreeable  odour, 
suggesting  that  of  hay,  and  yielding,  according  to  Jacobsen, 
methyl  benzoate,  guaiacol  (methoxycatechol),  catechol, 
acetylguaiacol,  benzyl  benzoate,  benzophenone,  and  benzoyl- 

guaiacol.  . 

Benzoic  acid  is  also  prepared  on  a  large  scale  artificially 
from  naphthalin,  one  of  the  crystalline  by-products  in  the 
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distillation  of  coal  for  gas.  The  naphthalin  is  oxidized  by 
nitric  acid  to  naphthalic  or  phthalic  acid  : — 

C10H8     +    402    =    H2C8H404    +  H2C204 

Naphthalan.         Oxygen.  Phthalic  acid.  Oxalic  acid. 

The  phthalic  acid  is  neutralized  by  lime  and  the  phthalate 
of  calcium  heated  with  hydrate  of  calcium  in  a  covered  vessel 
at  a  temperature  of  about  640°  F.  for  several  hours.  Benzoate 
and  carbonate  of  calcium  are  formed,  and,  from  the  powder, 
the  benzoic  acid  is  set  free  by  action  of  hydrochloric  acid. 

2CaC8H404    +    Ca2HO    -    Ca207H502    +  2CaC03 

Phthalate  of  Hydrate  of  Benzoate  of  Carbonate  of 

calcium.  calcium.  calcium.  calcium. 

The  crystalline  deposit  formed  when  essential  oil  of  almonds 
(benzoic  aldehyde)  is  exposed  to  the  air  is  benzoic  acid. 

2C6H5COH    +   02  =  206H5COOH  or  2HC7H502 

Benzoic  aldehyde.       Oxygen.  Benzoic  acid. 

Pure  sublimed  benzoic  acid  is  also  obtained  from  hippuric 
acid  (p.  402).  Such  acid,  if  not  thoroughly  purified,  may 
have  an  urinoid  odour. 

Jacobsen  has  prepared  benzoic  acid  from  benzotrichloride 
(trichloromethylbenzene,  C6H5CC13),  one  of  the  trichloro- 
toluenes,  by  heating  with  glacial  acetic  acid  and  chloride  of 
zinc.  This  acid,  if  not  very  highly  purified,  may  give  a 
green  colour  to  flame  when  placed  on  platinum  wire  with  a 
little  oxide  of  copper.  In  artificial  benzoic  acid  the  fragrant 
volatile  oil  characteristic  of  the  acid  from  benzoin  is,  of 
course,  absent. 

Official  benzoates. — To  a  little  benzoic  acid  add  a  few 
drops  of  solution  of  ammonia  or  of  carbonate  of  sodium ;  it 
readily  dissolves,  forming  corresponding  benzoates  {Ammonii 
Benzoas,'B.~P.,  Soclii  Benzoas,  B.P.,  NaC7H502). 

HC7H502     +     NH4HO  NH4C7HB02     +  H20 

Benzoic  acid.  Ammonia.  Benzoate  of  ammonium.  Water. 

On  evaporation,  acid  crystals  or,  ammonia  being  added, 
neutral  crystals  of  benzoate  of  ammonium  are  deposited. 

Properties. — Benzoic  acid  is  also  soluble  in  other  alkaline 
liquids,  forming  benzoates.     It  is  slightly  soluble  in  cold 
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water,  more  so  in  hot,  and  readily  soluble  in  rectified  spirit. 
It  melts  at  248°  F.  and  boils  at  462°,  volatilizing  with  only  a 
slight  residue.  Heated  with  lime  it  yields  benzene.  It  dis- 
solves in  cold  sulphuric  acid  without  decomposition  ;  is  again 
deposited  on  dilution  ;  and  the  traces  of  odoriferous  and  other 
substances  present  in  the  acid  from  benzoin  only  slightly 
colour  the  fluid,  even  on  gently  warming. 

Tests  for  benzoates. — To  a  portion  of  a  solution  of  a  ben- 
zoate  add  a  drop  or  two  of  sulphuric  or  hydrochloric  acid ; 
a  white  crystalline  precipitate  (benzoic  acid)  separates.  To 
another  portion,  carefully  made  neutral,  add  a  drop  or,  two 
of  neutral  solution  of  perchloride  of  iron  ;  a  reddish  precipi- 
tate (ferric  benzoate)  results. 

Cinnamic  acid  (C8H7COOH). — Benzoic  acid  is  distinguished 
from  an  allied  body,  cinnamic  acid  (occurring  in  Balsams  of 
Peru,  Tolu,  and  Storax,  and  sometimes  in  Benzoin),  by  not 
yielding  benzaldehyde  (C6HBCOH)  (oil  of  bitter  almonds) 
when  distilled  with  chromic  acid — that  is,  with  a  mixture 
of  red  chromate  of  potassium  and  sulphuric  acid,  or  when 
rubbed  with  half  its  weight  of  permanganate  of  potassium. 

 Old  hard  balsam  of  tolu  yields  cinnamic  acid  on  boiling 

with  lime  and  water  and  precipitating  by  hydrochloric  acid. 

 Jacobsen  makes  it  artificially  by  the  prolonged  reaction 

of  glacial  acetic  acid  and  benzodichloride  in  the  presence  of 
chloride  of  zinc. 

Carminic  Acid  (CuH1408).—  This  is  the  colouring  principle 
(about  10  per  cent.)  of  the  dried  female  Coccus  Cacti,  or 
cochineal  (Coccics,  B.P.).  The  carmine  of  trade,  when  un- 
adulterated (vide  Pharmaceutical  Journal,  1859-60,  p.  546), 
is  carminic  acid  united  with  two  or  three  per  cent,  of 
alumina  and  lime,  or,  occasionally,  of  oxide  of  tin  or  albumen. 
It  should  be  wholly  soluble  in  solution  of  ammonia,  giving  an 
apparently  clear,  rich  purple  liquid.  Carmine  with  French 
chalk,  or  starch,  constitutes  face  rouge  or  a  nimal  rouge. 

Merrick  tests  the  relative  value  of  several  samples  of  cochi- 
neal or  carmine  by  observing  how  much  solution  of  perman- 
ganate of  potassium  is  required  to  change  the  colour  of  a 
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decoction  to  faint  pink.  The  silvery  coating  of  cochineal  is 
a  wax,  coccerin. 

Cetrario  Acid  (H3C34Hao016)  is  the  bitter  principle  of 
Iceland  "  moss  "  (Cetraria,  B.P.).  In  the  lichen  it  is  associ- 
ated with  much  starch. 

Chrysophanic  Acid  (C15H10O4).— This  yellow  acid  is  found 
in  various  species  of  rhubarb-root  (Rhei  Radix,  B.P.)  and, 
under  the  name  of  parietinic  acid,  in  various  common  yellow 
lichens.  Kubli  considers,  Dragendorff  also,  that  the  chryso- 
phanic acid  of  rhubarb  is  only  produced  when  a  glucoside, 
chrysophan,  is  acted  on  by  a  ferment  in  the  presence  of  water. 
The  formation  of  chrysophanic  acid  is  probably,  in  most  if 
not  in  all  cases,  preceded  by  the  occurrence  of  chrysophan  or 
an  allied  body.  The  author  found  it  in  "  Chrysarobin,"  a 
name  given  by  Kemp  to  the  pith,  etc.,  of  a  leguminous  tree 
(Andira  araroba),  and  now  official  (Chrysarobinum,  B.P.). 
Chrysarobin  is  also  known  as  Araroba  Powder,  Bahia 
Powder,  Brazil  Powder,  Goa  Powder,  and  Ringworm  Powder. 
The  chrysarobin,  as  it  occurs  in  the  tree,  or  when  fresh,  has 
been  shown  by  Liebermann  and  Seidler  to  have  the  formula 
C30H26O7 ;  this,  by  oxidation  and  elimination  of  water,  yields 
the  chrysophanic  acid,  more  or  less  of  which  occurs  with 
the  chrysarobin,  according  to  the  age  of  the  chrysarobin 
and  to,  perhaps,  the  presence  or  absence  of  a  ferment.  A 
.solution  of  chrysarobin  in  alkali  rapidly  absorbs  oxygen, 
the  fluid  yielding  chrysophanic  acid.  Chrysophanic  acid 
may  be  obtained  in  crystals  of  a  golden-yellow  colour,  hence 
the  name  (from  xpvcros,  chrusos,  gold,  and  <£cuVa),  phaind,  I 
shine).  Its  synonyms  are  Rhaponticin,  Rheic  acid,  Rhein, 
Rheumin,  Rhubarbaric  acid,  Rhubarbarin,  Rumicin.  Chryso- 
phanic acid,  actual  or  potential,  black,  red-brown,  and  red 
resins  (Aporetine,  Phoeorctine,  and  ErytJiroretine),  a  bitter 
principle,  and  tannic  acid  are  considered  to  be  the  conjoint 
source  of  the  therapeutic  properties  of  rhubarb.  Chryso- 
phanic acid  may  also  be  obtained  from  several  species  of 
Rumex  or  Dock.  "Rumicin  "is  a  preparation  of  Yellow 
Dock.  Cascara  Sagrada,  or  Sacred  Bark  (Rhamni  Purshiani 
Cortex,  B.P.),  according  to  Limousin,  contains  chrysophanic 
acid ;  a  glucoside  (?),  a  ferment,  and  various  resins  being  also 
said  to  be  present. 

Emodin,  C15H10O5,  is  apparently  closely  associated,  chemi- 
cally, with  chrysophanic  acid.    It  is  obtained  with  chryso- 
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phanic  acid  in  the  preparation  of  the  latter  from  rhubarb. 
It  also  occurs  in  Black  Alder  bark  (Rhamni  Frangulrn 
Cortex,  B.P.),  according  to  Liebermann  and  Waldstein.  It 
is  said  to  be  derived,  together  with  glucose,  from  frangulin, 
C21H20Og,  the  glucoside  of  the  dried  bark. 

Cyanic  Acid  (HCNO)  and  other  Cyanates. — The  reduc- 
ing-power  of  cyanide  of  potassium  (KCN)  (or  ferrocyanide, 
K4FeC6N6)  on  metallic  compounds,  is  due  to  the  avidity 
with  which  it  absorbs  oxygen  and  forms  cyanate  (KCNO). 

Process. — Fuse  a  few  grains  of  cyanide  of  potassium  in  a 
small  porcelain  crucible,  and  add  powdered  oxide  of  lead  ;  a 
globule  of  metallic  lead  is  at  once  set  free,  excess  of  the  oxide 
converting  the  whole  of  the  cyanide  of  potassium  into  cyanate 
of  potassium. 

Urea.—  Cyanate  of  potassium  (KCNO),  or,  better,  cyanate 
of  lead  (Pb2CNO),  treated  with  sulphate  of  ammonium,  yields 
cyanate  of  ammonium  (NH4CNO) ;  and  solution  of  cyanate 
of  ammonium,  when  simply  heated,  changes  to  artificial  urea 
(CH4N20),  the  most  important  constituent  of  urine,  and  the 
chief  form  in  which  the  nitrogen  of  food  is  eliminated  from 
the  animal  system.  The  process  will  be  more  fully  described  • 
subsequently  in  connection  with  urea. 

Formic  Acid  (HCH02).— The  red  ant  {Formica  rufa)  and 
several  other  insects,  when  irritated,  eject  a  strongly  acid, 
acrid  liquid,  having  a  composition  expressed  by  the  above 
formula,  and  which  has  appropriately  received  the  name  of 
formic  acid ;  it  is  also  contained  in  the  leaves  of  the  stinging- 
nettle.  (According  to  Church,  the  sting  of  the  wasp  is 
alkaline.) 

Process. — It  may  be  artificially  prepared  by  heating  equal 
weights  of  oxalic  acid  and  glycerine  to  a  temperature  of  from 
212°  F.  to  220°  for  fifteen  hours,  and  then  distilling  the  mix- 
ture with  a  considerable  volume  of  water.  The  formic  acid 
slowly  passes  over,  glycerine  being  regenerated.  The  dilute 
acid  may  be  concentrated  by  neutralizing  with  carbonate  of 
lead,  filtering,  evaporating  to  a  small  bulk,  collecting  the 
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deposited  crystalline  formate  of  lead,  drying,  decomposing 
in  a  current  of  dry  sulphuretted  hydrogen,  at  212°  F.,  and 
rectifying  the  resulting  syrupy  acid  from  dry  formate  of  lead. 
It  should  be  fluid  at  48°  F.  and  boil  at  212°  F.  The  follow- 
ing are  the  chief  reactions  : — 

C3H53HO    +    H2CA    =     C3H5H00204     +  2H20 

Glycerine.  Oxalic  acid.      Hydrato-oxalate  of  glyceryl.  Water. 

C3H5HOC204  +  2H20  =  C3H53HO  +  HCH02  +  C02 

Hydrato-oxalate        Water.  Glycerine.  Formic  Carbonic 

of  glyceryl.  acid.  anhydride. 

Formic  Acid  may  be  instructively  though  not  economic- 
ally prepared  by  the  oxidation  of  methylic  alcohol  (wood- 
spirit),  just  as  acetic  acid  and  valerianic  acid  are  obtained 
from  ethylic  alcohol  and  amylic  alcohol  respectively. 

CH3HO    +    02    =    HCH02    +  H20 

Methylic  alcohol.      Oxygen.         Formic  acid.  Water. 

Tests. — Formic  acid  does  not  char  when  heated  alone  or 
with  sulphuric  acid,  but  splits  up  into  carbonic  oxide  gas 
and  water.  It  is  recognised  by  this  property  and  by  its 
reducing-action  on  salts  of  gold,  platinum,  mercury  and 
silver.    It  is  solid  below  32°  F. 

Gallic  Acid. — See  Tannic  Acid. 

Hemidesmic  Acid.— The  supposed  active  principle  of 
hemidesmus  root  {Hemidesmi  Radix,  B.P.). 

Hippuric  Acid  (HC9H8N03)  is  a  constituent  of  human 
urine  (much  increased  on  taking  benzoic  acid),  but  is  pre- 
pared from  the  urine  of  the  horse  (hence  the  name,  from 
t7T7ros,  hippos,  a  horse),  or,  better,  from  that  of  the  cow.  To 
such  urine  add  a  little  milk  of  lime,  boil  for  a  few  minutes, 
remove  precipitated  phosphates  by  filtration,  drop  in  hydro- 
chloric acid  until  the  liquid,  after  well  stirring,  is  exactly 
neutral  to  test-paper,  concentrate  to  about  one-eighth  the 
original  bulk,  and  add  excess  of  strong  hydrochloric  acid ; 
impure  hippuric  acid  is  deposited.  From  a  solution  of  the 
impure  acid  in  hot  water  chlorine  gas  removes  the  colour, 
and  the  liquid  deposits  crystals  of  pure  hippuric  acid  on' 
cooling. 

Tests*— To  a  solution  of  a  hippurate  add  neutral  solution 
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of  ferric  chloride ;  a  brown  precipitate  (ferric  hippurate) 
results.  Salts  of  silver  and  mercury  give  white  precipitates. 
Heat  hippuric  acid  in  a  test-tube ;  it  chars,  benzoic  acid 
sublimes,  and  vapours  of  characteristic  odour  are  evolved ; 
they  contain,  amongst  other  bodies,  hydrocyanic  acid  and  a 
substance  smelling  somewhat  like  Tonka  bean.  -The  crys- 
talline form  of  hippuric  acid  is  characteristic;  it  will  be 
described  in  connection  with  the  subject  of  urine. 


QUESTIONS  AND  EXERCISES. 

Give  the  preparation,  composition,  properties,  and  tests  of  benzoic 
acid,  employing  equations  or  diagrams.— What  is  the  nature  of  carmine? 
—Name  the  bitter  principle  of  Iceland  "  moss."— Mention  the  colouring 
principle  of  rhubarb.— To  what  is  rhubarb  considered  to  owe  its  medi- 
cinal activity  ?— How  is  cyanate  of  potassium  prepared,  how  converted 
into  an  ammonium  salt,  and  what  are  the  relations  of  the  latter  to  urea  > 
—Give  the  formulas  of  cyanic  acid,  cyanate  of  ammonium,  and  urea.— 
What  is  the  chemical  formula  of  formic  acid  ? —Describe  the  artificial 
production  of  formic  acid.— Describe  the  relation  of  formic  acid  to  wood- 
spirit.— State  the  sources,  characters,  and  tests  of  hippuric  acid. 


Hydroferrocyanic  Acid  (H4Fe"Cy6,  or  H.Fcy  )  and 
other  Ferrocyanides.— The  ferrocyanide  of  most  interest 
is  that  of  potassium,  the  "yellow  prussiate  of  potash 
(Potassii  Ferrocyanidum,  B.P.)  (K4FeC6NG,  3H20),  the  for- 
mation of  which  was  alluded  to  in  connection  with  hydro- 
cyanic acid  (see  p.  324).    It  cannot  be  regarded  as  simply  a 
double  salt  of  cyanide  of  potassium  with  cyanide  of  iron 
(FeCvo,  4KCy),  its  chemical  properties  being  entirely  differ- 
ent from  either  of   those  substances;   moreover  unlike 
cyanide  of  potassium,  it  is  not  poisonous.    Most  of  the  re- 
actions point  to  the  conclusion  that  its  iron  and  cyanogen 
are  intimately  united  to  form  a  definite  quadrivalent  radical 
appropriately  termed  ferrocyanogen  (FeC6N6,  or  Fey).  Une 
part  of  ferrocyanide  of  potassium  in  20  of  water  forms  the 
official  "  Solution  of  Ferrocyanide  of  Potassium,  ii.r. 

Tests  —Many  of  the  ferrocyanides  are  insoluble,  and  are 
therefore  precipitated  when  solution  of  ferrocyanide  of 
potassium  is  added  to  the  various  salts.  Those  of  iron  and 
copper  being  of  characteristic  colour,  are  adopted  as  tests 
of  the  presence  of  the  metals  or  of  the  ferrocyanogen,  as 
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the  case  may  be.  To  solution  of  ferrocyanide  of  potassium 
add  a  ferric  salt;  a  dark  blue  precipitate  (ferrocyanide  of 
iron,  Fe4Fcy3 ;  Prussian  blue)  falls.  To  another  portion 
add  solution  of  a  copper  salt ;  a  reddish-brown  precipitate 
(ferrocyanide  of  copper,  Cu2Fcy)  results. 

Note. — The  ferrocyanogen  in  ferrocyanide  of  potassium  is 
broken  up  when  the  salt  is  heated  with  sulphuric  acid, 
carbonic  oxide  being  evolved  if  the  acid  is  strong  (that  is, 
ordinary  oil  of  vitriol — H2S04.  with  2  or  3  per  cent,  of 
water),  and  hydrocyanic  acid  if  weak : — 

K,FeCfiNfi,  3H00  +  3H20  +  6H0S04  =  2K2S04  +  FeS04 

"     +  3(NH4)2S04  +  6CO. 
2K,FeCy6  +  6H2S04  +  £cH20  =  FeK2FeCy6  +  6KHS04 
+  6HCy  +  ccH20. 

Hydrocyanic  Acid  has  already  been  described.  {Vide  p. 
324.) 

Carbonic  Oxide  (CO). — Heat  two  or  three  fragments  of 
ferrocyanide  of  potassium  with  eight  or  ten  times  their 
weight  of  sulphuric  acid,  and  as  soon  as  the  gas  begins  to  be 
evolved,  remove  the  test-tube  from  the  flame ;  for  the  action, 
when  once  set  up,  proceeds  somewhat  tumultuously.  Ignite 
the  carbonic  oxide  at  the  mouth  of  the  tube  ;  it  burns  with 
a  pale-blue  flame,  the  product  of  combustion  being  carbonic 
acid  gas  (C02). 

Carbonic  oxide  is  a  direct  poison.  It  is  generated  when- 
ever coke,  charcoal,  or  coal  burns  with  an  insufficient  supply 
of  air.  Hence  the  danger  of  open  fires  in  the  more  or  less 
closed  apartments  of  ordinary  dwellings. 

Carbonic  oxide  may  also  be  obtained  from  oxalic  acid. 
{Vide  p.  373.) 

Hydroferrictanic  Acid  (H6Fe"'2Cy12,  or  H6FdcyVI)  and 
other  Ferricyanldes. — Pass  chlorine  gas  slowly  through 
solution  of  ferrocyanide  of  potassium  until  the  liquid,  after 
frequent  shaking,  ceases  to  give  a  blue  precipitate  when  a 
minute  portion  is  taken  out  on  the  end  of  a  glass  rod  and 
brought  into  contact  with  a  drop  of  dilute  solution  of  a 
ferric  salt;  it  now  contains  ferricyanide  of  potassium  (B.P.) 
(K6Fe'"2Cy12,  or  KGFdcyVI),  red  prussiate  of  potash,  as  it  is 
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termed,  from  the  colour  of  its  crystals.  Excess  of  chlorine 
must  be  carefully  avoided,  as  chloride  of  cyanogen  and  other 
compounds  are  then  formed.  (Such  a  result  does  not  ensue 
if  bromine  be  used  instead  of  chlorine,  but  the  process  is  less 
economical.    Other  processes  are  known.) 

2K'4Fe"Cy'6  +  C1'3  =  2K'C1'  +  K'6Fe2"'Cy'12. 

Note. — The  removal  of  two  atoms  of  potassium  from  the 
ferrocyanide  molecules  is  the  only  change  of  composition 
that  occurs  ;  but  the  ferrocyanogen  is  altered  in  quality,  its 
iron  passing  from  the  ferrous  to  the  ferric  condition,  from 
bivalent  to  trivalent  activity — altered  to  a  condition  in 
which  it  no  longer  precipitates  ferric  salts,  but  gives  a  dark- 
blue  precipitate  with  ferrous  salts. 

The  radical  is  distinguished  as  ferricyanogen. 

reS£._To  some  of  the  solution  add  solution  of  ferrous  sulph- 
ate •  a  dark-blue  precipitate  falls.  This  precipitate  is  ferricy- 
anide  of  iron  (Tnrnbull's  blue),  Fe"3Fe'"2Cy'12,  or  Fe"3  Fdcy^'. 

K6Fdcy  +  3FeS04  -  Fe3Fdcy  +  3K2S04. 

It  will  be  noticed  that  the  change  in  the  condition  of  the 
iron  keeps  up  the  balance  of  the  atomic  values  of  the  various 
parts  of  the  radicals  or  of  the  salts  ;  the  quantivalential 
equilibrium  is  maintained.  m  . 

A  solution  of  1  part  of  ferricyamde  of  potassium  in  A) 
parts  of  water  constitutes  the  "  Solution  of  Ferricyamde 
of  Potassium,"  B.P. 

Hydrofluoric  Acid  (HF)  and  other  Fluorides. -Mole- 
cular weight  of  HF,  20.  The  chief  use  of  hydrofluoric  acid 
is  in  etching  on  glass.  The  operation,  performed  on  the 
small  scale,  also  constitutes  the  best  test  for  fluorine,  the 
elementary  radical  of  all  fluorides. 

Process  and  Tes^.-Warm  any  odd  piece  of  window-glass, 
having  an  inch  or  two  of  surface,  until  a  piece  of  beeswax 
rubbed  on  one  side  yields  a  thin  oily  film.  When  cool,  make 
a  cross  letter,  or  other  mark  on  the  glass  by  pressing  a 
pointed  piece  of  wood,  a  penknife,  or  file  through  the  wax. 
Place  a  few  grains  of  powdered  fluor-spar,  the  commonest 
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natural  fluoride,  in  a  porcelain  crucible  (or  a  lead  cup),  add 
a  drop  or  two  of  sulphuric  acid,  cover  the  crucible  with  the 
prepared  glass,  waxed  side  downwards,  and  gently  warm 
the  bottom  of  the  crucible  in  a  fume-chamber  or  in  the  open 
air  in  such  a  way  as  not  to  melt  the  wax.  After  a  few 
minutes  remove  the  glass,  wash  the  waxed  side  by  pouring 
water  over  it,  scrape  off  most  of  the  wax,  then  warm  the 
glass  and  wipe  off  the  remainder  ;  the  marks  made  through 
the  wax  will  be  found  to  be  permanently  etched  on  the 
glass  ;  the  acid  has  eaten  into  or  etched  (from  the  German 
citzen,  to  corrode)  the  glass. 

The  fluoride  of  calcium  and  sulphuric  acid  yield  hydro- 
fluoric acid,  thus :— CaF3  +  H3S04  =  OaSO,t  +  2HF.  The 
hydrofluoric  acid  gas  and  the  silica  of  the  glass  then  yield 
gaseous  fluoride  of  silicon  (SiF4),  which  escapes,  and  water, 
thus  :— 4HF  +  Si02  =  2H20  +  SiF4.  The  silica  being  removed 
from  the  glass,  leaves  furrows  or  etched  portions. 

Note. — In  the  experiment  just  described,  the  liberated 
hydrofluoric  acid  also  attacks  the  siliceous  glazing  of  the 
porcelain  crucible  ;  so  that  in  important  cases,  where  search 
is  made  for  very  small  quantities  of  fluorine,  vessels  of  pla- 
tinum or  lead  must  be  employed. 

Uses. — The  aqueous  solution  of  hydrofluoric  acid,  used  by 
etchers,  and  commonly  termed  simply  hydrofluoric  acid,  or 
'*  fluoric "  acid,  is  prepared  in  leaden  stills  and  receivers, 
and  kept  in  leaden  or  gutta-percha  bottles.  Except  these 
materials,  as  well  as  platinum  and  fluor-spar,  hydrofluoric 
acid  rapidly  attacks  any  substance  of  which  bottles  and 
basins  are  usually  made.  It  quickly  cauterizes  the  skin, 
producing  a  painful,  slow-healing  sore.  A  mixture  of  hydro- 
fluoric acid  and  fluoride  of  ammonium,  known  as  "  white 
acid,"  is  also  used  for  etching  glass. 

Quantivalence. — The  atom  of  fluorine,  like  that  of  chlorine, 
bromine,  or  iodine,  is  univalent  (F').  The  great  analogy 
existing  between  these  radicals  extends  to  their  compounds. 

Fluorine  has  been  isolated  by  electrolysing  hydrofluoric 
acid  (Moissan).  It  is  a  gas  having  a  light  greenish-yellow 
colour,  and  a  penetrating  and  irritating  odour  somewhat 
recalling  that  of  strong  hypochlorous  acid.  It  combines 
with  great  avidity  with  all  elements  except  oxygen. 
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Hypophosphorous  Acid  (H3P02,  or  HPH202)  and  other 
Hypophosphites. — Boil  together,  in  a  fume-chamber,  two  or 
three  grains  of  phosphorus,  three  or  four  grains  of  slaked 
lime,  and  about  a  quarter  of  an  ounce  of  water,  until  phos- 
phoretted  hydrogen,  a  spontaneously  inflammable,  badly 
smelling  gas,  ceases  to  be  evolved.  The  lime  must  not  be  in 
great  excess,  or  the  hypophosphite  will  be  converted  into 
phosphate  as  fast  as  formed.  The  mixture,  filtered,  and 
excess  of  lime  removed  by  carbonic  acid  gas,  yields  solution 
of  hypophosphite  of  calcium  (Ca2PH202)  (Calcii  Hypophos- 
phis,  B.P.).  The  salt  may  be  obtained  in  crystals  by  evapo- 
ration and  slow  cooling. 

2P4  +  6H20  +  3CaH202  =  3(Ca2PH202)  +  2PH3. 

Phosphoretted  Hydrogen  (PH3).— The  above  reaction  is 
also  that  by  which  phosphoretted  hydrogen,  the  third 
hydride  of  phosphorus,  may  be  prepared.  If  the  gas  is  to  be 
collected,  the  phosphorus  and  water  may  first  be  boiled  in  a 
flask  until  a  jet  of  spontaneously  inflammable  phosphorus 
vapour  escapes,  with  steam,  from  the  end  of  the  attached 
delivery-tube.  Strong  hot  solution  of  caustic  potash  or  soda 
is  next  very  gradually  poured  into  the  flask  through  a  funnel 
tube  previously  fitted  into  the  cork,  the  liquid  being  kept 
boiling.  Phosphoretted  hydrogen  is  then  evolved,  and  if 
the  delivery-tube  dip  under  water  may  be  collected,  or 
allowed  to  slowly  pass  up  through  the  water,  bubble  by 
bubble,  so  as  to  form  the  peculiar  vortex  rings  of  smoke 
(phosphoric  anhydride)  characteristic  of  the  experiment. 
The  spontaneous  inflammability  is  due  to  the  presence  of  a 

lOWoLe7hyfopholphites  (Mg2PH202,  6Ha0  5  Fe2PH202, 6H20 ; 
etc.)  may  thus  be  obtained  from  other  hydrates,  or  by  double 
decompositions  of  the  calcium  salt  and  carbonates.  _ 

Hypophosphite  of  Sodium  (NaPH202,  HoO)  (Sodu  Hypo- 
phosphis,  B.P.),  the  old  Hypophosphite  of  Soda,  is  made  by 
decomposing  solution  of  hypophosphite  of  calcium  by  car- 
bonate of  sodium,  filtering,, and  evaporating  to  dryness,  it 
is  a  white,  granular,  deliquescent  substance  ba^±i2u2  + 
NaoOO,  =  2kaPH4)00  +  OaC08.  When  heated  the  water  is 
first  evolved,  then  hydrogen  and  spontaneously  inflammable 
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phosphoretted  hydrogen,  and  a  mixture  of  pyrophosphate 
and  metaphosphate  of  sodium  remains  (Bammelsberg). 
5NaPH00,  -  Na4P207  +  NaP03  +  2PH3  +  2H2. 

Hypophosphorous  Acid,  the  hydrogen  hypophosphite,  may 
be  prepared  by  decomposing  the  calcium  salt  by  oxalic  acid, 
or,  better,  the  pure  barium  salt  by  sulphuric  acid ;  hypo- 
phosphite  of  quinine  by  dissolving  the  alkaloid  in  hypophos- 
phorous acid,  or  by  decomposing  sulphate  of  quinine  by 
hypophosphite  of  barium.  The  latter  is  obtained  on  boiling 
excess  of  pure  hydrate  of  barium  with  hypophosphite  of 
ammonium,  until  all  ammonia  is  evolved.  The  ammonium 
salt  is  formed  on  bringing  calcium  hypophosphite  and 
oxalate  of  ammonium  together  in  presence  of  a  little 
ammonia. 

The  hypophosphites  are  often  used  in  medicine  in  the  form 
of  syrups.  The  term  hypophosphite  is  in  allusion  to  the 
smaller  amount  (iiro,  hupo,  under  or  deficiency)  of  oxygen 
in  these  compounds  (K/3P02)  than  in  the  phosphites  (B/3P03), 
a  class  of  salts  having  again  less  oxygen  in  their  molecules 
than  exists  in  those  of  the  phosphates  (R'3P04).  The  prefix 
hypo  has  similar  significance  in  such  words  as  hyposulphite 
and  hypochlorite. 

Tests.— To  a  portion  of  the  above  solution  of  hypophos- 
phite of  calcium  add  solution  of  chloride  of  barium,  chloride 
of  calcium,  or  acetate  of  lead ;  in  neither  case  is  a  precipitate 
obtained,  whereas  soluble  phosphates  and  phosphites  yield 
white  precipitates  (of  phosphate  or  phosphite  of  barium,  cal- 
cium, or  lead).  To  other  portions  add  solutions  of  nitrate  of 
silver  and  mercuric  chloride  ;  the  respective  metals  are  pre- 
cipitated as  by  phosphites.  To  another  small  portion  add 
zinc  and  dilute  sulphuric  acid  ;  hydrogen  and  phosphoretted 
hydrogen  are  evolved  as  from  phosphites.  To  another 
portion  add  sufficient  oxalic  acid  to  remove  the  calcium ; 
filter ;  to  the  solution  of  hypophosphorous  acid  add  solution 
of  sulphate  of  copper  and  slowly  warm  the  mixture ;  a  solid 
brown  precipitate  results  (cuprous  hydride,  Cu2H2) :  increase 
the  heat  to  the  boiling-point ;  a  gas  (hydrogen)  is  evolved 
and  metallic  copper  is  set  free.  Add  the  ordinary  nitric 
solution  of  a  molybdate,  or  tungstate,  to  a  hypophosphite 
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solution,  and  then  a  very  little  sulphurous  acid ;  a  blue  pre- 
cipitate results,  or,  in  very  dilute  solutions,  a  blue  colour 
deepened  on  shaking  or  gently  -warming.  Heat  a  small 
quantity  of  a  solid  hypophosphite  on  tbe  end  of  a  spatula  in 
a  flame,  and  note  the  resulting  phosphorescent  light  and 
smell ;  for  it  splits  up  into  pyrophosphate,  a  little  metaphos- 
phate,  hydrogen,  phosphoretted  hydrogen,  and  water,  the 
official  hypophosphite  of  calcium  yielding  about  80  per  cent, 
of  residue. 

7(Ca2PH202)  =  3Ca2P807  +  Ca2P03  +  6PH3  +  H30  +  4H2. 

Five  grains  of  hypophosphite  of  calcium,  if  of  good  quality, 
will  almost  decolourize  a  solution  of  twelve  grains  of  per- 
manganate of  potassium  on  boiling  the  mixture  for  about  ten 
minutes.  Five  grains  of  hypophosphite  of  sodium  should 
almost  decolourize  eleven  and  a  half  grains  of  permanganate 
under  similar  conditions. 

The  same  effect  follows  the  addition  of  the  permanganate 
to  an  acid  solution  of  a  phosphite,  but  not  to  that  of  an 
ortho-,  meta-,  or  pyro-phosphate. 

Hyposulphurous  Acid  (H2S203)  and  other  Hyposul- 
phites.— The  only  hyposulphite  of  much  interest  in  phar- 
macy is  the  sodium  salt  (Hyposulphite  of  Sodium,  B.P.,  tbe 
old  Hyposulphite  of  Soda)  (Na2S203,  5H20).  Hyposulphites 
are  now  more  usually  termed  Thiosulphates  (e.g.  H2S03S ; 
Na2S03S) ;  being  regarded  as  sulphates  (e.g.  Na2S04)  in 
whose  molecules  one  atom  of  oxygen  is  displaced  by  one  of 
sulphur  (Oeiov,  theion,  sulphur). 

Process. — Heat  together  gently,  or  set  aside  in  a  warm 
place,  a  mixture  of  solution  of  sulphite  of  sodium  (Na2S03) 
and  a  little  powdered  sulphur  ;  combination  slowly  takes 
place,  and  hyposulphite  of  sodium  is  formed.  The  solution, 
filtered  from  excess  of  sulphur,  readily  yields  crystals.  (The 
solution  of  sulphite  of  sodium  may  be  made  by  saturating 
solution  of  soda  with  sulphurous  acid  gas.) 

Use  of  hyposulphite  of  sodium  in  quant  if  at  in'  analysis.— 
In  the  British  Pharmacopoeia  hyposulphite  of  sodium  is  given 
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as  a  reagent  for  the  quantitative  estimation  of  free  iodine  in 
volumetric  analysis.  To  a  few  drops  of  iodine-water  add 
cold  mucilage  of  starch ;  a  deep-blue  colour  (starch  iodide) 
is  produced.  To  the  product  add  solution  of  hyposulphite 
of  sodium  until  the  blue  colour  just  disappears.  This  ab- 
sorption of  iodine  is  sufficiently  definite  and  delicate  to  admit 
of  application  for  quantitative  purposes.  It  depends  on  the 
combination  of  the  iodine  with  half  of  the  sodium  in  two 
molecules  of  the  hyposulphite,  the  hyposulphurous  radicals 
of  the  two  molecules  apparently  coalescing  to  form  a  new 
radical,  the  tetrathionic  (from  TeVpas,  tetras,  four,  and  d&ov, 
theion,  sulphur),  tetrathionate  of  sodium  (Na2S406)  and 
iodide  of  sodium  being  formed. 

Sulphur  Oxyacids. — It  will  be  as  well  here  to  give  the 
formulae  of  other  oxyacids  of  sulphur,  forming  with  the 
four  already  mentioned  a  series  that  is  as  useful  as  the 
series  of  compounds  of  nitrogen  and  oxygen  in  illustrating 
the  soundness  of  Dalton's  atomic  theory.  The  first-named 
(see  table  below)  (H2S02)  is  more  usually  termed  hyposul- 
phurous acid,  and  the  fourth  (H2S203)  thiosulphuric  acid. 
Moreover,  there  appears  to  be  an  acid  (HgSoOJ,  between 
those  having  the  formulae  H2S203  and  H2S206,  which  Bernth- 
sen  says  is  really  Schiitzenberger's  hydrosulphurous  acid,  but 
which  the  latter  chemist  says  is  probably  a  distinct  acid. 

Hydrosulphurous  Acid  H2S02  I      ?   H2S20.t 

Sulphurous  Acid     .    H2S03  i  Dithionic  Acid  .    .  H2S206 

Sulphuric  Acid  .    .    H2S04  j  Trithionic  Acid  .    .  H2S306 

Hyposulphurous,  or          j  Tetrathionic  Acid  .  H2S406 

Thiosulphuric  Acid  H2S203  |  Pen tathionic  Acid  .  -H2S506 

Use  of  "  Hypo  "  in  Photography —The  sodium  hyposul- 
phite is  largely  used  in  photography  to  dissolve  chloride, 
bromide,  or  iodide  of  silver  off  plates  which  have  been  exposed 
in  the  camera.  Prepare  a  little  chloride  of  silver  by  adding 
a  chloride  (chloride  of  sodium)  to  a  few  drops  of  solution  of 
nitrate  of  silver.   Collect  the  precipitated  chloride  on  a  filter, 
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wash,  and  add  a  few  drops  of  solution  of  hyposulphite  of 
sodium  ;  the  silver  salt  is  dissolved,  solution  of  double  hypo- 
sulphite of  sodium  and  silver  being  formed.  The  solution 
of  this  double  hyposulphite  has  a  remarkably  sweet  taste, 
sweeter  than  syrup  if  the  solution  is  strong.  The  double 
hyposulphite  of  sodium  and  gold  has  been  employed  for 
giving  a  pleasant  tint  to  photographic  prints. 

res*.— To  solution  of  a  hyposulphite  add  a  few  drops  of 
dilute  sulphuric  or  other  acid  and  smell  the  mixture,  cauti- 
ously ;  hyposulphurous  acid  is  set  free,  but  at  once  begins 
to  decompose  into  sulphurous  acid,  recognised  by  its  odour, 
and  free  sulphur  (2H2S203  ±=  2H2S03  +  S2).  This  reaction 
constitutes  the  best  test  for  hyposulphites.  Another  test 
of  a  soluble  simple  hyposulphite  is  its  power  of  dissolving 
chloride  of  silver  with  production  of  a  more  or  less  sweet 

solution.  

QUESTIONS  AND  EXERCISES. 
Give  the  formula  of  ferrocyanide  of  potassium—What  is  the  supposed 
constitution  of  ferrocyanide  of  potassium  ?-Enumerate  the  tests  for 
fprrocvanoeen  -What  are  the  respective  reactions  of  ferrocyanide  of  po- 
tassium with strong  and  weak  sulphuric  acid?- Mention  and  explain  a 
Jommo^ource of  carbonic  oxide  in  households.  What  is  the  product  of 
its  cXbusS-Write  equations  or  diagrams  illustrative  of  the  changes 
effected  in  ferrocyanide  of  potassium  during  its  conversion  into  fem- 
cvanide  By  what  reactions  may  the  presence  of  a  ferr.cyan.de  in  a  solu- 
tion  be  demonstrated  ?-State  the  difference  between  Prussian  blue and 
SmbiiUrWuS-Describe  the  source,  mode  of  preparation,  chief  use  of 
LTtest  for  hydrofluoric  acid.-IUustrate  by  a  diagram  the  preparation 
n^vnosulphite  o sodium.-Mention  the  characteristic  reactions  of  hypo- 
^5KttSn%ive  the  names  and  formula  of  e.ght  ac.ds,  each 
containing  hydrogen,  sulphur,  and  oxygen. 

Lactic  Acid  (HOsH503)  and  other  Lac™  -  Lactic 
acid  occurs  naturally  in  willow  bark  (Dott).  When  milk 
turns  sour,  its  sugar  has  become  converted  mto  an  acid  ap- 
propriately termed  lactic  (lac,  lactis).  Other  ^charme  and 
laceo/s  substances  also  by  fermentation  yield lac  tic  ac^ 
Neither  the  hydrogen  lactate  (lactic  acid)  nor  othei  lactates 
are  much  used  in  England. 

/Yocow.-Lactate  of  calcium  and  lactic  acid  may  be  pre- 
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pared  as  follows : — Mix  together  eight  parts  of  sugar,  one 
of  common  cheese,  three  of  chalk,  and  fifty  of  water,  and 
set  aside  in  a  warm  place  (about  80°  ¥.)  for  two  or  three 
weeks ;  a  mass  of  small  crystals  of  lactate  of  calcium  results. 
Remove  these,  recrystallize  from  hot  water,  decompose  by 
sulphuric  acid,  avoiding  excess,  digest  in  alcohol,  filter  off  the 
sulphate  of  calcium,  evaporate  the  clear  solution  to  a  syrup  ; 
this  residue  is  ordinary  lactic  acid,  Acidum  Lacticum,  B.P., 
sp.  gr.  1-212.  Three  fluid  parts  of  this  acid  diluted  with 
water  to  twenty  fluid  parts,  forms  the  Acidum  Lacticum 
Dilutum,  B.P.,  sp.  gr.  1-040. 

Test. — No  single  reaction  of  lactic  acid  is  sufficiently  dis- 
tinctive to  form  a  test.  The  crystalline  form  of  the  lactate 
of  calcium,  as  seen  by  the  microscope,  is  characteristic.  The 
production  of  this  salt,  and  the  isolation  of  the  syrupy  acid 
itself,  are  the  only  means,  short  of  quantitative  analysis, 
on  which  reliance  can  be  placed.  Lactic  acid  is  soluble  in 
water,  alcohol,  and  ether,  but  almost  insoluble  in  chloroform. 
It  is  only  slightly  coloured  by  cold  sulphuric  acid.  Warmed' 
with  permanganate  of  potassium,  it  gives  the  odour  of 
aldehyde. 

A  variety  of  lactic  acid  has  been  obtained  from  the  juice 
of  flesh  ;  it  is  termed  sarcolactic  acid  (from  <ra.pt;,  o-ap/cos, 
sarx,  sarcos,  flesh).  Unlike  lactic  acid,  it  is  precipitated  by 
solution  of  sulphate  of  copper. 

Malic  Acid  (C4H605)  and  other  Malates  (from  malum, 
an  apple).— The  juice  of  unripe  apples,  gooseberries,  currants, 
rhubarb-stalks,  strawberries,  grapes,  etc.,  contains  malic  acid 
and  malate  of  potassium.  When  isolated,  it  occurs  in  deli- 
quescent prismatic  crystals. 

Tests.— Malate  of  calcium  (CaC.tH40B)  is  soluble  in  water ; 
hence  the  aqueous  solution  of  malic  acid  or  other  malate  is 
not  precipitated  by  lime-water  or  chloride  of  calcium ;  but, 
on  adding  spirit  of  wine,  a  white  precipitate  falls,  owing  to 
the  insolubility  of  the  calcium  malate  in  alcohol.  Malates 
are  precipitated  by  lead-salts  ;  on  warming  the  precipitate 
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(malate  of  lead)  with  acetic  acid,  it  dissolves,  separating  out 
in  acicular  crystals  on  cooling.  If  the  mixture  be  heated 
without  acid,  the  precipitate  agglutinates  and  fuses.  Hot 
strong  sulphuric  acid  chars  malic  acid  far  less  readily  than  it 
does  nearly  all  other  organic  acids. 

Asparagin  (C4H8N203,  H20).— This  proximate  principle  of 
plants  occurs  in  many  vegetable  juices,  and  doubtless  plays 
a  very  important  part  in  their  nutrition.  It  is  deposited  m 
crystals  when  the  fresh  juices  of  asparagus,  marsh-mallow, 
etc  are  rapidly  evaporated.  It  is  noticed  here  because 
malic  acid  is  readily  obtained  from  it  by  oxidation,  nitrogen 
being  eliminated,  and  because  its  exact  natural  position 
among  chemical  substances  is  not  yet  well  made  out.  J. he 
atoms  of  its  molecule  are  those  of  aspartate  of  ammonium 
(NH,C,HfiNOA  into  which  it  is  converted  when  its  solution 
is  long  boiled.  Decomposed  by  aid  of  ferments,  asparagin, 
absorbing  hydrogen,  yields  succinate  of  ammonium  (JNi±4)2 
C4H4O4. 

Meconic  Acid  (H„C7H207,  3H20).-Opium  contains  me- 
conic  acid  (from  m^v,  mekon,  a  poppy)  partially  combined 
with  morphine.  To  concentrated  infusion  of  opium,  nearly 
neutralized  with  ammonia,  add  solution  of  chloride  of 
calcium ;  meconate  of  calcium  is  precipitated.  Wash  the 
precipitate,  place  it  in  a  small  quantity  of  hot  water ;  add  a 
little  hydrochloric  acid;  the  clear  liquid  (filtered,  if  neces- 
sary) deposits  scales  of  meconic  acid  on  cooling,  .Acidum 
Mcconicum,  B.P. 

Tests.- To  solution  of  meconic  acid  or  other  meconate,  or 
to  infusion  of  opium,  add  a  neutral  solution  of  ferric  chloride; 
a  red  solution  (of  meconate  of  iron)  is  produced.  To  a  portion 
of  the  mixture  add  solution  of  corrosive  sublimate ;  the 
colour  is  not  destroyed  :  to  another  portion  add  hydrochloric 
acid  •  the  colour  is  discharged.  (These  reagents  act  on  sul- 
phocyanate  of  iron,  which  is  of  similar  tint,  in  exactly  the 
opposite  manner.)  To  another  portion  add  a  drop  of  a 
diluted  acid,  and  boil ;  the  colour  is  not  discharged.  (A 
solution  of  ferric  acetate,  which  is  of  similar  colour,  is 
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decomposed  in  boiling,  giving  a  colourless  fluid  and  a  red 
precipitate — ferric  oxy-acetate.) 

The  normal  meconates  of  potassium,  sodium,  and  ammo- 
nium are  soluble  in  water,  the  acid  meconates  very  slightly 
soluble ;  the  meconates  of  barium,  calcium,  lead,  copper,  and 
silver  are  insoluble  in  water,  but  soluble  in  acetic  acid. 

Metaphosphorio  Acid  (HP03)  and  other  Metaphos- 
phates.— Prepare  phosphoric  anhydride  (P205)  by  burning  a 
small  piece  of  phosphorus  in  a  porcelain  crucible  placed  on  a 
plate  and  covered  by  an  inverted  test-glass,  tumbler,  half- 
pint  measure-glass,  or  some  such  vessel.  After  waiting  a 
few  minutes  for  the  phosphoric  anhydride  to  fall,  pour  a 
little  water  on  the  plate  and  filter  the  liquid  ;  the  product  is 
solution  of  metaphosphoric  acid  (from  /xeto.,  meta,  a  preposi- 
tion denoting  change),  P205  +  H20  =  2HP03. 

Tests. — To  solution  of  metaphosphoric  acid  add  ammonio- 
nitrate  of  silver,  or  to  a  neutral  metaphosphate  add  solution 
of  nitrate  of  silver ;  a  white  precipitate  (AgP03)  is  obtained. 
This  reaction  sufficiently  distinguishes  metaphosphates  from 
the  ordinary  phosphates  or  orthophosphates  (from  op0ds, 
orthos,  straight),  as  the  common  phosphates  may,  for  distinc- 
tion, be  termed  (which  give,  it  will  be  remembered,  a  yellow 
precipitate  with  nitrate  of  silver).  Another  variety  of  phos- 
phates shortly  to  be  considered,  the  pyrophosphates,  also 
give  a  white  precipitate  with  nitrate  of  silver.  To  the  solu- 
tion of  metaphosphoric  acid  obtained  as  above,  or  by  the 
action  of  acetic  acid  on  a  metaphosphate,  add  an  aqueous 
solution  of  white  of  egg  ;  coagulation  of  the  albumen  ensues. 
Neither  orthophosphoric  nor  pyrophosphoric  acid  coagulates 
albumen.  Boil  the  aqueous  solution  of  metaphosphoric  acid 
for  some  time  ;  on  testing  the  solution,  the  acid  will  be  found 
to  have  been  converted  into  orthophosphoric  acid  : — 

HP03  +  H20  =  H3PO4  (orthophosphoric  acid). 

The  ordinary  medicinal  phosphoric  acid  is  made  from  phos- 
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phorus  and  nitric  acid,  the  liquid  being  evaporated  to  a 
syrupy  consistence  to  remove  the  last  traces  of  nitric  acid. 
It  may  contain  pyrophosphoric  and  metaphosphoric  acids,  if 
the  heat  employed  be  high  enough  to  remove  the  elements 
of  water : — 

2H3P04  -  H20  =  H4P207  (pyrophosphoric  acid). 
H3P04  -  H20  =  HP03  (metaphosphoric  acid). 

On  redilution  the  metaphosphoric  acid  only  slowly  reabsorbs 
water.  If,  therefore,  on  testing,  metaphosphoric  acid  be 
found  to  be  present,  the  solution  should  be  boiled  until  con- 
version to  orthophosphoric  acid  has  occurred. 

Nitrous  Acid  (HN02)  and  other  Nitrites.— Strongly 
heat  a  fragment  of  nitrate  of  potassium  or  of  sodium  on  a 
piece  of  platinum  foil;  oxygen  is  evolved  and  nitrite  of 
potassium  or  sodium  remains. 

Test— Dissolve  the  residue  in  water,  add  a  few  drops  of 
dilute  sulphuric  acid,  then  a  little  weak  solution  of  iodide  of 
potassium,  and,  lastly,  some  mucilage  of  starch ;  the  deep- 
blue  "iodide  of  starch"  is  produced.  2HI  +  2HN02  =  2H20 
+  2NO  + 12.  Repeat  this  experiment,  using  nitrate  of  potas- 
sium instead  of  nitrite ;  no  blue  colour  is  produced. 

Test  for  Nitrites  in  Wafer— This  liberation  of  iodine  by 
nitrites  and  not  by  nitrates  is  a  reaction  of  considerable 
value  in  searching  for  nitrites  in  ordinary  drinking  waters 
the  occurrence  of  such  salts,  except  in  very  deep-seated 
springs,  being  held  to  indicate  the  presence  of  nitrogenous 
organic  matter  in  a  state  of  oxidation  or  decay.  The  sul- 
phuric acid  used  in  the  operation  must  be  pure,  and  the 
iodide  of  potassium  free  from  iodate.  If  much  organic 
matter  is  present,  however,  the  nitric  acid  liberated  by  tiie 
sulphuric  may  be  reduced  to  nitrous  acid.  It  is  primps 
best,  therefore,  to  add  acetic  acid,  and  (Fresemus)  distil 
over  10  or  20  per  cent,  of  the  water  and  apply  the  test  to 
this  distillate.  Very  dilute  solutions  of  nitrous  acid  may 
thus  be  distilled  without  the  slightest  decomposition. 

Commercial  Nitrous  Acid.— The  liquid  commonly  termed 
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in  pharmacy  "nitrous  acid,"  is  simply  nitric  acid  impure 
from  the' presence  of  nitrous  acid. 

Other  nitrites  used  in  medicine  are  nitrites  of  organic 
basylous  radicals;  nitrite  of  ethyl  (02H5N02),  or  nitrous 
ether,  is  the  most  important  constituent  of  Spiritus  ^theris 
Nitrosi,  B.P.  (vide  Index).  Nitrite  of  amyl  (C5HnN02)  is 
also  official  (Amyl  Nitris,  B.P.).  Nitrite  of  ammonium,  on 
being  heated,  yields  pure  nitrogen  gas: — NH4N02  =  2H20 
+  N2. 

Nitrite  of  Sodium,  NaN02,  (Sodii  Nitris,  B.P.).  It  yields 
ruddy  nitrous  fumes  on  the  addition  of  sulphuric  acid,  and 
gives  the  usual  deep  brown  colour  with  sulphate  of  iron  (p. 
337). — "  One  grain  of  the  salt  dissolved  in  water  and  intro- 
duced into  a  nitrometer  and  tested  with  iodide  of  potassium 
and  diluted  sulphuric  acid,  should  liberate  not  less  than  325 
grain-measures  of  nitric  oxide,  the  gas  being  almost  com- 
pletely absorbed  by  strong  solution  of  sulphate  of  iron ;  cor- 
responding to  not  less  than  95  per  cent,  of  nitrite  of  sodium. 
The  aqueous  solution  of  the  salt  must  not  give  more  than 
traces  of  precipitate  with  solution  of  chloride  of  calcium," 
showing  absence  of  any  important  proportion  of  oxalates. 

Ophelic  Acid  (C13H20O10). — This  is  one  of  the  principles 
to  which  the  herb  Ophelia  chirata,  or  Chiretta  (Chirata, 
B.P.),  owes  its  bitterness.  It  is  an  amorphous  yellow  body. 
Another  is  Chiratin  (C26H48015),  decomposable  by  hydro- 
chloric acid  into  Chiratogenin  (C13H2103)  and  ophelic  acid 
(Hohn). 

Phosphorous  Acid  (H3P03,  or  P(OH)3,  or  H2PH03).— The 
three  acids  of  phosphorus,  namely,  phosphoric  acid  (H3P04), 
phosphorous  acid  (H2PH03),  and  hypophosphorous  acid 
(HPH202),  differ  from  each  other  in  the  proportion  of  oxy- 
gen, the  molecules  containing  four,  three,  and  two  atoms 
respectively.  In  constitution  they  differ  by  the  hypothetical 
phosphoric  radical  or  grouping  being  trivalent,  the  phos- 
phorous radical  bivalent,  and  the  hypophosphorous  radical 
univalent.  These  three  acids  and  corresponding  salts  must 
not  be  confounded  with  pyrophosphoric  and  metaphosphoric 
acids  and  salts  :  the  former  are  acids  of  phosphorus  ;  the 
latter  varieties  of  phosphoric  acid  :  the  former  differ  in  pro- 
portion of  oxygen  ;  the  latter  by  the  elements  of  water : — 
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Acids  of  phosphorus. 


Varieties  of  phosphoric,  acid. 


H3PO4.  phosphoric  acid.  H3P04  (ortho)  phosphoric  acid. 

H2PH03  phosphorous  acid.       H4P207  pyrophosphoric  acid. 
HPH302 hypophosphorous  acid.  HP03  metaphosphoric  acid. 

When  hypophosphorous  acid  is  exposed  to  the  air,  oxygen  is 
absorbed  and  phosphorous  acid  results  ;  by  prolonged  expo- 
sure more  oxygen  is  absorbed  and  phosphoric  acid  is  obtained. 
When  phosphoric  acid,  or  rather,  for  distinction,  orthophos- 
phoric  acid,  is  heated,  every  two  molecules  yield  the  elements 
of  a  molecule  of  water,  and  pyrophosphoric  acid  results ;  by 
prolonged  exposure  to  heat  more  water  is  evolved,  and  meta- 
phosphoric acid  is  obtained.  These  differences  will  be  fur- 
ther evident  if  the  formulae  be  written  empirically,  nearly 
all  being  doubled,  thus : — 


HePA 
H6PA 


hypophosphorous  acid, 
phosphorous  acid, 
p  p.  f  phosphoric  acid,  or 
6  2  8  (  orthophosphoric  acid. 
H4P207    pyrophosphoric  acid. 
H2P206    metaphosphoric  acid. 


Or  thus : — 


phosphoric  acid 


phosphorous  acid 
H6P206 
hypophosphorous  acid 
HfiPa04 


H,P20 


pyrophosphoric  acid 
H4P207 
metaphosphoric  acid 
H2P206. 


From  the  central  compound,  ordinary  phosphoric  acid,  the 
acids  of  phosphorus  differ  by  regularly  diminishing  propor- 
tions of  the  element  oxygen,  the  varieties  of  phosphoric  acid 
by  regularly  diminishing  proportions  of  the  elements  oi 
water. 

Prepare  phosphorous  acid  by  exposing  a  moist  stick  of. 
phosphorus  to  the  air;  a  thin  stream  of  heavy  white  vapour 
falls  which  contains  the  acid  in  question.  A  simple  method 
of  collection  is  to  place  the  stick  in  an  old  test-tube  having  a 
hole  in  the  bottom,  to  support  this  tube  by  a  funnel  or  other- 
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wise,  the  neck  of  the  funnel  being  supported  in  a  bottle, 
test-glass,  or  tube,  at  the  bottom  of  which  is  a  little  water. 
Or  phosphorous  oxide,  P40G,  may  first  be  obtained  by  heat- 
ing phosphorus  in  a  tube,  through  which  a  slow  current  of 
air  is  drawn,  condensing  the  fumes  in  a  U-tube  surrounded 
by  a  freezing  mixture,  and  then  decomposing  the  oxide  by 
water.  Or  chlorine  is  passed  through  phosphorus  melted 
under  water  ;— PC13  +  3H20  =  P(H0)3  +  3HC1.  Having  col- 
lected some  phosphorous  acid,  apply  the  various  tests  already 
alluded  to  under  Hijpophosphorous  Acid,  first  carefully 
neutralizing  the  phosphorous  acid  by  an  alkali.  The  means 
by  which  the  varieties  of  phosphoric  acid  are  distinguished 
have  been  given  under  Mctaphosphor'ic  Acid. 

Other  soluble  phosphites  are  prepared  by  neutralizing 
phosphorous  acid  with  alkalies,  and  the  insoluble  phosphites 
by  double  decomposition. 

Associated  with  phosphorous  acid  prepared  as  above  stated, 
there  is  said  to  be  an  acid  of  the  formula  H2P03  termed 
hypophosplioric  acid.    Its  anhydride  would  be  P204. 

It  is  interesting  to  note  that  during  the  oxidation  of  phos- 
phorus in  moist  air,  not  only  are  phosphoric,  hypophos- 
phoric,  and  phosphorous  acids  formed,  but  also  ozone  (03), 
peroxide  of  hydrogen  (H202),  and  a  small  quantity  of  nitrate 
of  ammonium  (NH4N03). 

Pyrogallic  Acid. — See  Tannic  Acid. 

Pyrophosphoric  Acid  (H4P207)  and  other  Pyrophos- 
phates.— Heat  ordinary  phosphate  of  sodium  (Na2HP04, 
12H20)in  a  crucible;  water  of  crystallization  is  first  evolved, 
and  dry  phosphate  (Na2HP04)  remains.  Further  heat  to  red- 
ness ;  two  molecules  yield  one  of  water,  while  a  salt  having 
new  properties  is  obtained  : — 2Na2HP04  —  H20  =  Na4P207. 
It  is  termed  pyrophosphate  of  sodium,  in  allusion  to  its 
origin  (trvp,  pur,  fire).  Prom  its  solution  in  water  it  may  be 
obtained  in  prismatic  crystals  (Na4P207, 10H2O).  Phosphoric 
acid  itself  is  similarly  affected  by  heat :-— 2H3P04  —  .H20  = 
H4P207  (pyrophosphoric  acid),  though  metaphosphoric  acid 
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is  also  formed.  Other  pyrophosphates  are  similarly  pro- 
duced, or  by  double  decomposition  and  precipitation,  or  by 
neutralizing  pyrophosphoric  acid  by  an  oxide,  hydrate,  or 
carbonate. 

Tests  —To  solution  of  a  pyrophosphate  add  solution  of 
nitrate  of  silver ;  a  dense  white  precipitate  falls  (pyrophos- 
phate of  silver,  Ag4P207)  differing  much  in  appearance 
from  the  white  gelatinous  metaphosphate  of  silver  or  the 
yellow  orthophosphate.  To  pyrophosphoric  acid,  or  to  a 
pyrophosphate  mixed  with  acetic  acid,  add  an  aqueous  solu- 
tion of  albumen  (white  of  egg);  no  precipitate  occurs. 
Metaphosphoric  acid,  it  will  be  remembered,  gives  a  white 
precipitate  with  albumen. 

QUESTIONS  AND  EXERCISES. 

What  are  the  sources  of  lactic  acid?-How  is  lactic  acid  usually  pre- 
pared 9_Name  some  of  the  plants  in  which  malic  acid  is  found— Whence 
is  rneconic  acid  derived ?-By  what  process  may  meconic  acid  be  isolated? 
Whicli  is  the  best  test  for  the  meconic  radical  ?-Distinguish  meconates 
from  sulphocyanates.-Give  the  mode  of  manufacture  of  hypophosphites 
How  is  phosphoretted  hydrogen  prepared  ?-By  what  ready  method ^ 
metaphosphoric  acid  be  obtained  for  experimental  purposes  ?-Name  the 
Site  for  metaphoBPhates.-How  may  meta-  or  pyro-phosphoric  acid  be 
converte^nto  orthophosphoric  acid  ?-Desoribe  the  preparation  of  phos- 
Xrous  ackl  -State^the1  relations  of  the  acids  of  phosphorus  to  each 
othei  -How  are  the  pyrophosphates  prepared  ?-Defane ,  by  formula, 
metenhosphates,  pyrophosphates,  orthophosphates,  phosphites  and  hy- 
^phosphht  -Mention  the  tests  by  which  meta-,  pyro-,  and  orthophos- 
fZtes  are  Analytically  distinguished.-How  are  hypophosphites  and 
phosphites  detected  ? 

Silicic  Acid  (H4Si04)  and  other  Silicates -Silicates  of 
various  kinds  are  among  the  commonest  of  minerals  1 he 
various  clays  are  aluminium  silicates  ;  the  vo  came  substance 
■ZmeApJiice-stone  is  a  porous  silicate  of  alummium  andof 
alkali-metals  or  of  alkaline-earth  metals;  meerschaum  is  an 
acid  silicate  of  magnesium;  the  ordinary  sandstones  aye 
ch iefly  s Uica  ;  sand,  flint,  quartz,  agate,  chalcedony,  and  opal 
are  silicic  anhydride  or  'Alien  (SiOa).  Tryoh,*?^- 
powder  now  found  in  many  other  countries  than  Tnpoh  - 
consisting  of  infusorial  skeletons,  is  nearly  pure  silica.  Bath 
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brick,  used  in  knife-polishing,  is  a  silico-calcareous  deposit, 
found  in  the  estuary  at  Bridgwater  and  other  places.  Tour- 
malines, plates  of  which,  cut  parallel  to  the  axis  of  a  crystal, 
are  used  as  polarisers  or  analysers  in  microscopy  are  all 
silicates  of  aluminium  with  varying  silicates  of  iron,  copper 
manganese,  etc.  Asbestos  or  amianth  is  a  fibrous  silicate  of 
calcium  and  magnesium,  the  length  of  the  fibres  being  from 
less  than  one  inch  to  five  feet.  A  single  silk-like  fibre  can 
easily  be  fused,  but  even  in  very  small  masses,  and  for  all 
practical  purposes,  asbestos  is  infusible,  and,  of  course,  incom- 
bustible. It  is  also  a  bad  conductor  of  heat.  It  is  already 
largely  used  in  packing  piston  rods  and  joints,  and  for  steam 
apparatus  generally  ;  as  a  covering  for  boilers  to  prevent  loss 
of  heat  by  radiation ;  and  for  so  lining  ceilings,  floors,  and 
other  partitions  as  to  render  rooms,  etc.,  fireproof.  Arti- 
ficial acid,  and  therefore  insoluble,  silicates  are  familiar  under 
the  forms,  of  glass  and  earthenware.  Common  English 
window-glass  is  usually  silicate  of  calcium,  sodium,  and 
aluminium ;  French  glass,  silicate  of  calcium  and  sodium ; 
Bohemian,  chiefly  silicate  of  potassium  and  calcium,  English 
flint  or  crystal-glass  for  ornamental,  table,  and  optical  pur- 
poses, is  mainly  silicate  of  potassium  and  lead.  Earthenware 
is  mostly  silicate  of  aluminium  (clay),  with  more  or  less  of 
the  more  fusible  silicates,  namely,  those  of  calcium,  sodium 
and  potassium,  and  in  the  commoner  forms,  silicate  of  iron. 
The  various  kinds  of  porcelain  (China,  Sevres,  Meissen, 
Berlin,  English),  Wedgwood  -ware,  and  stoneware  are  varieties 
of  earthenware.  Kaolin,  or  China  clay,  which  is  disinte- 
grated felspar,  not  more  common  in  China  than  in  Devonshire 
and  Cornwall,  is  the  clay  which  yields  the  finest  translucent 
porcelain.  Crucibles,  bricks,  and  tiles  are  clay-silicates. 
Fire-clay  contains  excess  of  silica  and  very  small  proportions 
of  the  fusible  silicates,  hence  its  refractory  character.  Mortar 
is  essentially  silicate  of  calcium.  Portland,  Roman,  and  other 
'  hydraulic  "  cements  *  are  silicates  of  calcium  with  more  or 
less  of  aluminium. 

Mix  together  a  few  grains  of  powdered  flint  or  sand  with 
about  five  or  six  times  its  weight  of  carbonate  of  sodium  and 
an  equal  quantity  of  carbonate  of  potassium,  and  fuse  a  little 

for^prnTvth^lSSo"  "  Cements  "  8enerally.  *^  Pharmaceutical  Journal 
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of  the  mixture  on  platinum  foil  in  the  blowpipe-flame  ;  the 
product  is  an  alkaline  and  therefore  soluble  silicate,  a  kind 
of  soluble  glass.  Boil  the  foil  in  water  for  a  few  minutes ; 
filter  ;  to  a  portion  add  excess  of  hydrochloric  acid,  evaporate 
the  solution  to  dryness,  and  again  boil  the  residue  in  water 
and  acid  ;  oxide  of  silicon,  silicic  anhydride,  or  silica  (Si08) 
remains  as  a  light,  flaky,  insoluble  powder. 

The  soluble  glass  or  glass  liquor  of  trade  commonly  contains 
10  or  12  per  cent,  of  soda  (NaHO)  to  20  or  25  per.  cent,  of 

silica  (Si02).  .  -v  a 

The  foregoing  operation  constitutes  the  test  tor  silicates. 
Bv  fusion  with  alkali  the  silicate  is  decomposed,  and  a  soluble 
alkaline  silicate  formed.    On  addition  of  acid,  silicic  acid 
(H  SiO/)  is  set  free,  but  remains  in  solution  if  the  fluid  is 
not  too  strong.    The  heat  subsequently  applied  eliminates 
water  and  reduces  the  silicic  acid  to  silica  (Si02),  which  is 
insoluble  in  water  or  acid.    By  the  addition  of  hydrochloric 
acid  to  soluble  glass,  and  removal  of  the  resulting  alkaline 
chloride  and  excess  of  hydrochloric  acid  by  dialysis  (a  process 
to  be  subsequently  described),  a  pure  aqueous  solution  of 
silicic  acid  may  be  obtained;  it  readily  changes  into  a  gela- 
tinous mass  of  silicic  acid.    Possibly  some  of  Jhe .  natural 
crystallized  varieties  of  silica  may  have  been  obtained  fiom 
the  silica  contained  in  such  an  aqueous  solution,  nearly  all 
waters  yielding  a  small  quantity  of  silica  when  treated  as 

^laZy^cic  acid  (H3Si03),  sometimes  termed^ 
to  distinguish  it  from  the  normal  or  tetrabasic  acid  (H4biU4) 
results I  when  the  aqueous  solution  of  the  latter  is  evaporated 

inmc7urettecl  hydrogen,  or  hydride  of  sili can  - {SiKJ .  fca 
spontaneously  inflammable  gas  formed  on  treating  silicide 
fmagnesium7  with  hydrochloric  acid  It  is  the  analogue 
of  light  carburetted  hydrogen  or  methane  (CH,)  A  liquid 
cLKe  of  silicon  (SiOl,.)  analogous  to  tetrachloride  of  carbon 
(CCA  )  and  a  gaseous  fluoride  (SiF.,.)  also  exist. 
(  Many  othe?  analogies  are  traceable  between  the  elements 
silicon  and  carbon,  including,  perhaps,  boron,  especi.all) 
amongst  their  organic  compounds. 

Succinic  Acid  (H2C4H,0,).-Amber  (Succinum)  is  a  resin 
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usually  occurring  in  association  with  coal  and  lignite.  From 
the  fact  that  fragments  of  coniferous  fruit  are  frequently 
found  in  amber,  and  impressions  of  bark  on  its  surface,  it  is 
considered  to  have  been  an  exudation  from  a  species  of  Pinus 
now  probably  extinct.  Heated  in  a  retort,  amber  yields,  first, 
a  sour  aqueous  liquid  containing  acetic  acid  and  another 
characteristic  body  appropriately  termed  succinic  acid ; 
secondly,  a  volatile  liquid  known  as  oil  of  amber,  resembling 
the  oil  yielded  by  most  resinous  substances  under  similar 
circumstances ;  and,  thirdly,  a  pitchy  residue  allied  to  asphalt. 
The  succinic  acid  is  a  normal  constituent  of  the  amber,  the 
acetic  acid  is  produced  during  distillation.  Succinic  acid  has 
also  been  found  in  wormwood,  in  several  pine-resins,  and 
in  certain  animal  fluids,  such  as  those  of  hydatid  cysts  and 
hydrocele.  It  may  be  obtained  artificially  from  butyric, 
stearic,  or  margaric  acid  by  oxidation.  Tartaric,  malic,  and 
succinic  acids  are  also  convertible  the  one  into  the  other. 

Succinates  are  neutral  (R'2C4H404)  and  acid  (R'HC;H404)  ; 
a  double  succinate  of  potassium  and  hydrogen  (KHC4H404, 
H2C4H404,  H20),  analogous  to  the  superacid  oxalate,  salt  of 
sorrel,  also  exists.  Soluble  succinates  give  a  bulky  brown 
precipitate  with  neutral  ferric  chloride,  only  less  voluminous 
than  ferric  benzoate  ;  a  white  precipitate  with  acetate  of  lead, 
soluble  in  excess  of  either  reagent;  with  nitrate  of  silver  a 
white  precipitate  after  a  time ;  with  chloride  of  barium  no 
precipitate  at  first,  but  a  white  one  (succinate  of  barium)  on 
the  addition  of  ammonia  and  alcohol.  Succinates  are  dis- 
tinguished from  benzoates  by  the  last-named  reaction,  and 
by  not  yielding  a  precipitate  on  the  addition  of  acids  {vide 
p.  398). 

SULPHOCYANIC  ACID  (HCNS)  AND  OTHER  SULPHOCYANATES. 

—  Boil  together  sulphur  and  solution  of  cyanide  of  potassium; 
solution  of  sulphocyanate  of  potassium  (KCNS)  is  formed. 
Warm  the  liquid,  add  hydrochloric  acid  till  it  faintly  reddens 
litmus-paper,  and  filter  ;  any  sulphide  of  potassium  is  thus 
decomposed,  and  the  solution  may  then  be  used  for  the  fol- 
lowing reactions.    The  salt  readily  crystallizes. 

Tests. — To  a  small  portion  of  the  solution  add  a  ferric  salt 
(Fe2Cl6) ;  a  deep  blood-red  solution  (ferric  sulphocyanate)  is 
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formed.  To  a  portion  of  the  red  liquid  add  a  little  hydro- 
chloric acid  ;  the  colour  is  not  discharged  (meconate  of  iron, 
a  salt  of  similar  tint,  is  decomposed  by  hydrochloric  acid). 
In  the  acid  liquid  place  a  fragment  or  two  of  zinc ;  sulphu- 
retted hydrogen  is  evolved,  and  the  red  colour  disappears. 

To  another  portion  of  the  ferric  sulphocyanate  add  solution 
of  corrosive  sublimate  ;  the  colour  is  at  once  discharged. 
(Ferric  meconate  is  unaffected  by  corrosive  sublimate).  The 
ferric  is  the  best  test  of  the  presence  of  a  sulphocyanate ; 
and  indirectly  is  also  a  good  test  of  the  presence  of  hydro- 
cyanic acid  or  cyanogen  (see  p.  329).  Solutions  of  pure  ferrous 
salts  are  not  coloured  by  the  solution  of  sulphocyanate. 
Eed  ferric  acetate  is  decomposed  by  ebullition.  Neither  the 
ferric  acetate  nor  the  meconate  yield  their  colour  to  ether ; 
but,  on  shaking  ferric  sulphocyanate  solutions  with  ether, 
the  latter  takes  up  the  salt  and  becomes  of  a  purple  colour. 

To  solution  of  a  sulphocyanate  add  solution  of  mercuric 
nitrate ;  mercuric  sulphocyanate  is  precipitated  as  a  white 
powder. 

Pharaoh's  Serpents—  Mercuric  sulphocyanate,  thoroughly 
washed  and  made  up  into  little  cones,  forms  the  toy  termed 
Pharaoh's  serpent.  It  readily  burns  when  ignited,  the  chief 
product  being  a  light  solid  matter  (mellon,  C9N13,  andmelam, 
C3H6N6),  which  issues  from  the  cone  in  a  snake-like  coil  of 
extraordinary  length.  The  other  products  are  mercuric 
sulphide  (of  which  part  remains  in  the  snake  and  part  is 
volatilized),  nitrogen,  .sulphurous  and  carbonic  acid  gases, 
and  vapour  of  metallic  mercury.  (For  details  concerning  the 
economical  manufacture  of  sulphocyanates,se«  Pharmaceutical 
Journal,  2nd  series,  vol.  vii.  p.  581,  and  p.  152.) 

The  sulphocyanic  radical  (CNS)  is  often  termed  sulpnocy- 
anogen  (Soy),  and  its  compounds  regarded  as  sulphocyanid*  s. 
Saliva  contains  sulphocyanates. 

Tannic  Acid  or  Tannin.  Digallic  acid.  (CuHulOn).-—  This 
is  a  very  common  astringent  constituent  of  plants,  but  jb 
contained  in  largest  quantity  in  galls  (excrescences  on  the 
oak  formed  by  the  puncture  and  deposited  ova  of  an  insect). 
English  galls  contain  from  14  to  28  per  cent,  of  tannic  acid  ; 
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Aleppo  galls  (Galla,  B.P.)  25  to  65.  (Acidum  Tannicum,  B.P.). 
Gallotanic  acid...C6Ho  (0H)3  COOC6H2  (0H)2  COOH. 
Gallic  acid  (p.  426)....C6H2(OH)3  COOH. 

Process. — "  Expose  powdered  galls  [about  an  ounce  is  suffi- 
cient for  the  purpose  of  study]  to  a  damp  atmosphere  for 
two  or  three  days,  and  afterwards  add  sufficient  ether  to 
form  a  soft  paste.  Let  this  stand  in  a  well-closed  vessel  for 
twenty- four  hours,  then,  having  quickly  enveloped  it  in  a  linen 
cloth,  submit  it  to  strong  pressure,  so  as  to  separate  the 
liquid  portion,  which  contains  the  bulk  of  the  tannin  in  solu- 
tion. Reduce  the  pressed  cake  to  powder,  mix  it  with  suffi- 
cient ether,  to  which  one-sixteenth  of  its  bulk  of  water  has 
been  added,  to  form  again  a  soft  paste,  and  press  this  as 
before.  Mix  the  expressed  liquids,  and  expose  the  mixture 
to  spontaneous  evaporation  until,  by  the  aid  subsequently  of 
a  little  heat,  it  has  acquired  the  consistence  of  a  soft  extract; 
then  place  it  on  earthen  plates  or  dishes,  and  dry  it  in  a  hot- 
air  chamber  at  a  temperature  not  exceeding  212°  P." 

The  resulting  tannic  acid  occurs  in  "  pale  yellow  vesicular 
masses,  or  thin  glistening 'scales,  with  a  strongly  astringent 
taste  and  an  acid  reaction,  readily  soluble  in  water,  and  recti- 
fied spirit,  very  sparingly  soluble  in  pixre  ether,  though  soluble 
in  the  ethereal  fluid  used  in  the  foregoing'process — a  fluid 
which  is  really  a  mixture  of  true  ether,  water,  and  alcohol 
(both  the  latter  contained  in  the  common  "  ether")  and  a 
little  added  water  also. 

Medicinal  Uses. — -Tannic  acid  is  very  soluble  in  water,  and 
in  this  form  is  usually  administered  in  medicine.  Its  official 
preparations  are  Glycerinum  Acidi  Tannici,  Suppositoria 
Acidi  Tannici,  Suppositoria  Acidi  Tannici  cum  Sapone,  and 
Trochisci  Acidi  Tannici. 

Tests. — To  an  aqueous  solution  of  tannic  acid  add  aqueous 
solution  of  gelatine  ;  a  yellowish-white  flocculent  compound 
of  the  two  substances  is  precipitated. 

Tanning. — The  above  reaction  also  serves  to  explain  the 
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chemical  principle  involved  in  tanning — the  operation  of  con- 
verting skin  into  leather.  In  that  process  the  skin  is  soaked 
in  infusion  of  oak-bark  (Querc&s  Cortex,  B.P.),  the  tannic  acid 
of  which,  uniting  with  the  gelatinous  tissues  of  the  skin, 
yields  a  compound  very  well  represented  by  the  above  preci- 
pitate. The  outer  bark  of  the  oak  contains  little  or  no  tannic 
acid,  and  is  commonly  shaved  off  from  the  pieces  of  bark 
which  are  large  enough  to  handle ;  useless  colouring  matter 
is  thus  also  rejected.  Other  infusions  and  extracts  besides 
that  of  oak-bark  (chiefly  catechu,  sumach,  and  valonia)  are 
largely  used  by  tanners;  if  used  alone,  these  act  too  quickly, 
and  give  a  harsh,  hard,  less  durable  leather.  The  tannic 
acid  of  these  preparations  is  probably  slightly  different  from 
that  of  oak-bark. 

To  an  aqueous  solution  of  tannic  acid  add  a  neutral  solu- 
tion of  a  ferric  salt;  dark  bluish-black  tannate  of  iron  is 
slowly  precipitated.  This  is  an  excellent  test  for  the  pre- 
sence of  tannic  acid  in  vegetable  infusions.  The  precipitate 
is  the  basis  of  nearly  all  black  loriting-ink.  Ferrous  salts 
give  at  first  only  a  slight  reaction  with  tannic  acid ;  but  the 
liquid  gradually  darkens  :  characters  written  with  a  liquid 
of  this  kind  of  proper  strength  become  quite  black  in  a  few 
hours,  and  are  very  permanent. 

To  an  aqueous  solution  of  tannic  acid  add  solution  of 
tartar-emetic ;  tannate  of  antimony  is  precipitated.  ^  This 
reaction  and  that  with  gelatine  are  useful  in  the  quantitative 
estimation  of  the  amount  of  tannic  acid  in  various  sub- 
stances, the  separation  of  the  tannate  of  gelatine  being  much 
promoted  by  previously  adding  some  heavy  neutral  powder, 
such  as  sulphate  of  barium,  and  well  stirring  while  adding 
the  gelatine. 

Tannic  acid,  as  it  occurs  in  oak-bark,  is  said  to  be  a  gluco- 
side  •  that  is,  like  several  other  substances,  it  yields  glucose 
(graie-sugar)  when  boiled  with  dilute  sulphuric  or  hydro- 
chloric acid,  the  other  product  being  gallic  acid.  Possibly, 
however,  the  sugar  is  not  a  necessary  constituent  ot  tlie 
tannin,  certainly  not  of  all  of  them. 

Catechu  {Catechu,  B.P.),  Gambier,  or  Terra  Japonica,  an 
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extract  of  the  Uncaria  Gambier  /  as  well  as  the  true  Catechu, 
Cutch,  or  Terra  Japonica,  an  extract  from  the  AcaciaCatechu 
(Catechu  nigrum,  P.I.)  and  A.  Suma  ;  East  Indian  Kino 
(Kino,  B.P.),  from  the  Pterocarpus  marsupium  •  also  Bengal 
or  Butea  Kino,  from  the  Polos  or  Dhak  tree,  Butea  frondosa 
(ButecB  gummi  vel  Kino  Bengalensis,  P.I.) ;  Botany  Bay  or 
Australian  kinos  from  various  species  of  Eucalyptus  or  Blue 
Gum  trees ;  and  some  other  vegetable  products — contain  a 
variety  of  tannic  acid  (mimotannic  acid),  which  gives  a 
greenish  precipitate  with  neutral  solutions  of  ferric  salts. 
According  to  Paul  and  Kingzett  it  yields,  when  decomposed, 
unfermentable  sugar,  and  an  acid  different  to  ordinary  gallic 
acid.  Catechu  and  Gambier  also  contain  catechuic  acid  or 
catechin,  C13H1305,  a  body  occurring  in  minute  colourless 
acicular  crystals,  and,  like  mimotannic  acid,  affording  a 
green  precipitate  with  ferric  salts. 

Bael  fruit  (Beloz  Fructus,  B.P.),  from  the  JEgle  Marmelos, 
is  said  to  owe  its  power  as  a  remedy  for  dysentery  and 
diarrhoea  to  a  variety  of  tannic  acid ;  but  this  is  questionable. 
The  rind  of  the  fruit  of  the  pomegranate  (Punica  granatum) 
(Granati  Cortex,  P.I.)  contains  tannic  acid.  The  astringency 
of  Pomegranate-root  Bark  (Granati  Radicis  Cortex,  B.P.  and 
P.I.)  is  due  to  a  tannic  acid  (its  anthelmintic  properties  pro- 
bably to  a  resinoid  matter,  or  possibly  to  what  Tanret  states 
to  be  a  liquid  alkaloid,  pelletierine ,  C16H30N2O3).  A  tannic 
acid  also  probably  gives  the  astringency  to  logwood  (Hasma- 
toxyli  Lignum,  B.P.).  Ehatany-root  Bark  (Kramerice  Radix, 
B.P.)  contains  about  20  per  cent,  of  tannic  acid,  its  active 
astringent  principle  ;  rhubarb-root  about  9  per  cent.  Bear- 
berry  leaves  (Uvce  Ursi  Folia,  B.P.)  owe  most  of  their  thera- 
peutic power  to  about  35  per  cent,  of  tannic  acid.  (The 
cause  of  their  influence  on  the  kidneys  is  not  yet  traced). 
They  also  contain  arbutin,  a  crystalline  glucoside.  Larch- 
bark  (Laricis  Cortex,  B.P.),  the  inner  bark  of  Pinus  Larix 
or  Larix  Europaia,  contains,  according  to  Stenhouse  a  con- 
siderable amount  of  a  tannic  acid  giving  olive-green  pre- 
cipitates with  salts  of  iron,  and  larixin  and  larixinic  acid 
(Ck,H10O5),  a  somewhat  bitter  substance.  Areca  nuts  or  Betel 
nuts,  from  the  Areca  Palm  (Areca  Catechu),  besides  the  al- 
kaloid arckane  (Bombelon),  contain  a  very  active  alkaloid, 
arecoline,  C8H13NO?  (Jahns),  said  to  be  the  vermifugal  prin- 
ciple ;  arecaine,  an  inert  alkaloid  (Jahns),  and,  according  to 
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Fliickiger  and  Hanbury,  about  16  per  cent,  of  "  tannic 
matter."  The  extract  of  the  fruit  of  Gab  or  Diospyros 
embryopteris  (Diospyri  Fructus,  P.I.)  is  a  powerful  astrin- 
gent containing  tannic  acid.  The  rhizome  of  Geranium 
maculatum,  Spotted  Cranesbill,  or  Alum-root,  contains  both 
tannic  and  gallic  acids. 

Gallic  Acid  (H307H305,  H20)  (Acidum  Gallicum,  B.P.) 
occurs  in  small  quantity  in  oak-galls  and  other  vegetable 
substances,  but  is  always  prepared  from  tannic  acid.  Gallic 
acid  forms  slender  acicular,  fawn-coloured  crystals,  soluble  in 
118  times  their  weight  of  cold  or  three  of  boiling  water, 
freely  in  spirit,  sparingly  in  ether. 

"  Boil  one  part  of  coarsely  powdered  galls  with  four  fluid 
parts  of  diluted  stilphuric  acid  for  half  an  hour,  then  strain 
through  calico  while  hot ;  collect  the  crystals  that  are  depo- 
sited on  cooling,  and  purify  these  with  animal  charcoal  and 
repeated  crystallization." 

Test— To  an  aqueous  solution  of  gallic  acid  add  a  neutral 
solution  of  a  ferric  salt ;  a  bluish-black  precipitate  of  gallate 
of  iron  falls,  similar  in  appearance  to  tannate  of  iron.  Fer- 
rous" salts  also  are  blackened  by  gallic  acid.  To  more  of  the 
solution  add  an  aqueous  solution  of  gelatine ;  no  precipitate 
occurs.  By  the  latter  test  gallic  is  distinguished  from 
tannic  acid. 

Pyrogallicacid  or  pyrogallol,  C6H3(OH)3.— This  substance 
sublimes  in  light  feathery  crystals  when  gallic  acid  is  heated. 
Or  it  may  be  formed  by  heating  gallic  acid  with  3  or  4  times 
its  weight  of  glycerine  to  a  temperature  ot  19U  or  AA)  o. 
for  a  short  time,  until  carbonic  acid  ceases  to  be  evolved. 
Longer  heating  at  lower  temperatures  is  not  equally  effec- 
tive? and  below  100°  0.  probably  no  pyrogallol  is  produced 
(Thorpe).  To  an  aqueous  solution  add  a  neutral  solution  oi 
a  ferric  salt ;  a  red  colour  is  produced.  To  another  portion 
add  a  ferrous  salt ;  a  deep-blue  colour  results. 

Test  for  the  three  acids- To  three  separate  small  quantities 
of  milk  of  lime  in  test-tubes  add,  respectively,  tannic,  gallic 
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and  pyrogallic  acids  ;  the  first  slowly  turns  brown,  the  second 
more  rapidly,  while  the  pyrogallic  mixture  at  once  assumes 
a  beautiful  purplish-red  colour  changing  to  brown.  These 
reactions  are  characteristic ;  they  are  accompanied  by 
absorption  of  oxygen  from  the  air. 

Use  of  Pyrogallic  Acid  in  Gas-analysis. — A  mixture  of 
pyrogallic  acid  and  solution  of  potash  absorbs  oxygen  with 
such  rapidity  and  completeness  that  a  strong  solution  of 
each,  passed  up  successively  by  a  pipette  into  a  graduated 
tube  containing  air  or  other  gas,  form  an  excellent  means  of 
estimating  free  oxygen.  The  value  of  this  method  may  be 
roughly  proved  by  pouring  a  small  quantity  of  each  solution 
into  a  phial,  immediately  and  firmly  closing  its  mouth  with 
a  cork,  thoroughly  shaking  the  mixture,  and  then  removing 
the  cork  under  water :  the  water  rushes  in  and  occupies 
about  one-fifth  of  the  previous  volume  of  air,  indicating 
that  the  atmosphere  contains  one-fifth  of  its  bulk  of  oxygen. 
The  small  amount  of  carbonic  acid  gas  present  in  the  air  is 
also  absorbed  by  the  alkaline  liquid  ;  in  delicate  experiments 
this  should  be  removed  by  the  alkali  before  the  addition  of 
pyrogallic  acid. 

Uric  Acid  (H2C5H2N403)  and  other  Urates. — Acidulate 
a  few  ounces  of  human  urine  with  hydrochloric  acid,  and 
set  aside  for  twenty-four  hours :  a  few  minute  crystals  of 
uric  acid  will  be  found  adhering  to  the  sides  and  bottom 
of  the  vessel  and  floating  on  the  surface  of  the  liquid. 

Microscopical  Test. — Eemove  some  of  the  floating  particles 
by  a  slip  of  glass,  and  examine  by  a  powerful  lens  or  micro- 
scope ;  the  chief  portion  will  be  found  to  be  in  yellowish 
semi-transparent  crystals,  more  or  less  square,  two  of  the 
sides  of  which  are  even  and  two  very  jagged  ;  but  other 
forms  are  common.  (See  the  lithographs  in  the  section  on 
Urinary  Sediments.) 

Chemical  Test.— Collect  more  of  the  deposit,  place  in  a 
watch-glass  or  small  white  evaporating-dish,  remove  adherent 
moisture  by  a  piece  of  blotting-  or  filter-paper,  add  a  drop 
or  two  of  strong  nitric  acid,  and  evaporate  to  dryness  ;  the 
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residue  will  be  red.  When  the  dish  is  cold,  add  a  drop  of 
solution  of  ammonia;  a  purplish-crimson  colour  results. 
The  colour  is  deepened  on  the  addition  of  a  drop  of  solution 
of  potash. 

Notes.— Uric  acid  (or  lithic  acid)  and  urates  (or  lithates) 
of  sodium,  potassium,  calcium,  and  ammonium  are  common 
constituents  of  animal  excretions.  Human  urine  contains 
about  one  part  of  urate  (usually  urate  of  sodium)  in  1,000. 
When  more  than  this  is  present,  the  urate  is  often  deposited 
as  a  sediment  in  the  excreted  urine,  either  at  once,  or  after 
standing  a  short  time.  Uric  acid  or  other  urate  is  also 
occasionally  deposited  before  leaving  the  bladder,  and,  slowly 
accumulating  there,  forms  a  common  variety  of  urinary 

calculus.  Some  urates  are  not  definitely  crystalline ;  but 

when  treated  with  dilute  nitric  acid  or  a  drop  of  solution  of 
potash  and  then  a  drop  or  two  of  acetic  acid,  jagged  micro- 
scopic crystals  of  uric  acid  are  usually  formed.— AH  urates 
yield  the  crimson  colour  when  treated  as  above  described.— 
This  colour  is  due  to  a  definite  substance,  murexid  (CgHgNgOe) 
(from  the  murex,  a  shell-fish  of  similar  tint,  and  from  which 
the  ancient  and  highly  valued  purple  dye  seems  to  have  been 
prepared) ;  and  the  test  is  known  as  the  murexid  test.  _  Ine 
formation  of  murexid  is  due  to  the  action  of  ammonia  on 
alloxan  (C4H2No04,  4H20)  and  other  white  crystalline  pro- 
ducts of  the  oxidation  of  uric  acid  by  nitric  acid.  Murexid 
is  a  good  dye;  it  maybe  prepared  from  guano  (the >  excre- 
mentTof  sea-fowl),  which  contains  a  large  quantity  of  urate 
of  ammonium.— The  excrement  of  the  serpent  is  almost  pure 

ammonium  urate.  .  ,  ,  . 

Uric  acid  and  the  urates  will  again  be  alluded  to  m  con- 
nection with  the  subject  of  morbid  urine. 

Constitution  of  Uric  Acid.-The  physiological  and  patho- 
logical importance  of  uric  acid  has  obtained  for  it  great 
attention  from  chemists,  a  knowledge  of  its  constitution 
being  rightly  regarded  as  amongst  the  most  prominent  of 
chemical  desiderata.  Tor  accounts  of  what  has  been  done 
in  thS  direction  in  recent  years,  students  of  organic  chem*- 
trv  mav  consult  the  Pharmaceutical  Journal  did  beries, 
vol  xiv7,  p.  771;  vol.  xv.,  pp.  119  and  411 ;  and  vol.  xvm, 
p.  69.    See  also  page  464. 
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Valerianic  Acid,  or  Valeric  Acid  (HC5H902),  and  other 
Valerianates. — In  a  test-tube  place  a  few  drops  of  amylic 
alcohol  (fousel-oil)  with  a  little  dilute  sulphuric  acid  and  a 
grain  or  two  of  red  chromate  of  potassium,  cork  the  tube, 
set  aside  for  a  few  hours,  and  then  heat  the  mixture ;  valeri- 
anic acid,  of  characteristic  valerian-like  odour,  is  evolved. 

Valerianic  acid  occurs  in  valerian-root  in  association  with 
the  essential  oil  from  which  it  is  apparently  derived  {vide 
Index),  but  is  usually  prepared  artificially,  by  the  foregoing 
process,  from  amylic  alcohol,  to  which  it  bears  the  same  re- 
lation as  acetic  acid  does  to  common  alcohol : — 

C2H5HO  +  02  =  HC2H302  +  H20. 
C~HnHO  +  02  =  H05H902  +  H20. 

Valerianate  of  Sodium  (NaC5H902)  (Sodii  Valerianas, 
B.P.),  the  old  Valerianate  of  Soda,  is  prepared  from  the 
valerianic  acid  and  valerianate  of  amyl  obtained  on  distilling 
the  mixture  of  amylic  alcohol  (4  fl.  oz.),  sulphuric  acid  (6£ 
fl.  oz.  with  10  of  water),  and  red  chromate  of  potassium  (9 
oz.  in  70  of  water).  The  mixture  should  stand  for  several 
hours  before  heat  is  applied. 

2(&,Cr04,  Cr03)  +  8H2S04  -  2(K2S04,  Cr23S04)  +  8H20  +  302 

Red  chromate  of  Sulphuric     Sulphate  of  potassium  and    Water.  Oxygen, 

potassium.  acid.  chromium  (chrome  alum). 

C5HnHO  +  02  =  HC5H902  +  H20. 

Amylic         Oxygen.       Valerianic  Water, 
alcohol.  acid. 

205HnHO  +  02  =  C6HnCBH903  +  2H20. 

Amylic  Oxygen.        Valerianate  Water, 

alcohol.  of  amyl. 

The  distillate  (70  or  80  oz.)  is  saturated  with  soda,  which 
not  only  yields  valerianate  of  sodium  with  the  free  valerianic 
acid,  but  decomposes  the  valerianate  of  amyl  produced  at 
the  same  time,  more  valerianate  of  sodium  being  formed  and 
some  amylic  alcohol  set  free,  according  to  the  following 
equations  : — 
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HC5H903  +  NaHO  =  NaC5H902  +  H20. 

Valeriaaio  Soda.  Valerianate  Water, 

acid.  of  sodium. 

CgHnCgHaOg  +  NaHO  =  NaC6H902  +  C6HnHO 

Valerianate  Soda.  Valerianate  Amylic 

of  amy  1.  of  sodium.  alcohol. 

From  the  solution  of  valerianate  of  sodium  (which  should 
be  made  neutral  to  test-paper  by  careful  addition  of  soda 
solution)  the  solid  white  salt  is  obtained  by  evaporation  to 
dryness  and  cautious  fusion  of  the  residue.  The  mass  obtained 
on  cooling  should  be  broken  up  and  kept  in  a  well-closed 
bottle.    It  should  be  entirely  soluble  in  spirit. 

Other  Valerianates,  as  valerianate  of  zinc  (Zinci  Valeri- 
anas,  B.P.)  and  ferric  valerianate  (Fe26C5H902),  may  be  made 
by  double  decomposition  of  valerianate  of  sodium  with  the 
sulphate  or  other  salt  of  the  metal  the  valerianate  of  which 
is  desired,  the  new  valerianate  either  precipitating  or  crys- 
tallizing out.  A  hot  solution  of  sulphate  of  zinc  (5f  parts) 
and  valerianate  of  sodium  (5  parts)  in  water  (40  parts)  gives 
a  crop  of  crystals  of  valerianate  of  zinc  on  cooling. 

Tests.—  Heated  with  diluted  sulphuric  acid,  valerianates 
of  the  metals  give  a  highly  characteristic  smell  (valerianic 
acid). 

The  amylic  alcohol  (C5HnHO)  from  which  valerianates 
are  prepared  may  contain  the  next  lower  homologue,  butylic 
alcohol  (C4H9HO)  {vide  "  Homology  »  in  the  Index).  This 
during  oxidation,  will  be  converted  into  butyric  acid 
(HC,H702),  the  next  lower  homologue  of  valerianic  acid 
(HORHuOa),  and  hence  the  various  valerianates  be  contamin- 
ated by  some  butyrates.  These  are  detected  by  distillation 
with  diluted  sulphuric  acid  and  addition  of  solution  of  ace- 
tate of  copper  to  the  distillate,  which  at  once  becomes  turbid 
if  butyric  acid  be  present.  In  this  reaction  valerianic  and 
butyric  acids  are  produced  by  double  decomposition  ot  the 
valerianate  and  butyrate  by  the  sulphuric  acid,  and  distil 
over  on  the  application  of  heat.  On  the  addition  of  acetate 
of  copper  (0n2C,H,Oo)  butyrate  of  copper  (Cii2C4H702,  H2U) 
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is  formed,  and,  being  almost  insoluble  in  water,  is  at  once 
precipitated,  or  remains  suspended,  giving  a  bluish-white 
opalescent  liquid.  Valerianate  of  copper  (Cu2C5H902)  is 
also  formed  after  some  time,  but  is  far  more  soluble  than  the 
butyrate,  and  only  slowly  collects  in  the  form  of  greenish 
oily  drops,  which  gradually  pass  into  greenish-blue  hydrous 
crystalline  valerianate  of  copper  (Larocque  and  Huralt) . 

Vanillic  Acid  (HC8H703)  orVANiLLiN  (C8H803)  or  Methyl- 
protocatechuic  Aldehyde  (C7H5CH303),  is  the  body  to 
which  is  due  the  odour  and  flavour  of  vanilla.  It  also  occurs 
in  Siam  benzoin,  Rosa  canina,  etc.  The  white  crystals  com- 
monly found  on  vanilla  (the  prepared  unripe  pods  of  Vanilla 
planifolia),  previously  termed  vanillin,  were  found  by 
Carles  to  be  a  weak  acid.  It  occurs  in  vanilla  to  the  extent 
of  from  to  3  per  cent.  Vanillin  has  recent  years  been 
prepared  artificially  by  Tiemann  and  Haarman  from  coniferin, 
a  glucoside  existing  in  the  sapwood  of  pines.  The  body  re- 
maining after  the  removal  of  glucose  from  coniferin,  or, 
indeed,  coniferin  itself,  by  action  of  a  mixture  of  red  chro- 
mate  of  potassium  and  sulphuric  acid,  yields  the  vanillin. 
It  also  may  be  obtained  by  a  series  of  reactions  starting 
from  that  of  carbonic  acid  on  carbolate  of  potassium;  also 
from  the  eugenol  of  oil  of  cloves.  By  action  of  hydrochloric 
acid,  vanillin  yields  chloride  of  methyl  and  protocatechuic 
aldehyd.  Such  reactions  will  be  better  understood  when  the 
pupil  has  studied  succeeding  sections  on  what  is  commonly 
termed  Organic  Chemistry.  Artificial  vanilla  is  less  stable 
that  natural  vanillin,  perhaps  because  with  the  latter  is 
associated  a  preservative  resin. 


QUESTIONS  AND  EXERCISES. 

What  is  the  constitution  of  nitrites  ? — Mention  a  test  for  nitrites  in 
potable  waters. — Which  nitrites  are  official  ? — Give  the  names  of  some 
natural  and  artificial  silicates. — What  is  "  soluble  glass  v  ? — Distinguish 
between  silica  and  silicic  acid. — How  are  silicates  detected  ?— What  is 
the  quantivalence  of  silicon  ?— Mention  the  sources,  formulas,  and  analy- 
tical reactions  of  succinates— State  the  mode  of  manufacture  and  tests  of 
sulphocyanates.— What  proportion  of  tannic  acid  is  contained  in  galls  ? — 
Describe  the  official  process  for  the  preparation  of  tannic  acid. — Explain 
the  chemistry  of  "  tanning."— Enumerate  the  tests  for  tannic  acid.— 
What  is  the  assumed  constitution  of  tannic  acid  ? — Mention  official  sub- 
stances other  than  galls  whose  astringency  is  due  to  tannic  acid.— How 
is  gallic  acid  prepared  ?— By  what  reaction  is  gallic  distinguished  from 
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tannic  acid  ?— Mention  the  characteristic  properties  of  pyrogallic  acid.— 
Explain  the  murexid  test  for  uric  acid.— Describe  the  artificial  pre- 
paration of  valerianic  acid  and  other  valerianates,  giving  diagrams 
or  equations.— What  is  the  formula  of  valerianic  acid?— How  are 
butyrates  detected  in  presence  of  valerianates  ? 


DETECTION  OF   THE  ACIDULOUS  RADICALS  OE 
SALTS  SOLUBLE  IN  WATER. 

Analytical  operations  may  now  be  resumed,  the  detection  of 
acidulous  radicals  being  practised  for  two  or  three  days,  and 
then  full  analyses  made,  both  for  basylous  and  acidulous 
radicals  To  this  end  a  few  compounds  of  stated  metals 
(potassium,  sodium,  or  ammonium)  should  be  placed  m  the 
hands  of  the  practical  student  for  examination  according  to 
the  following  paragraphs  and  Tables.  Mixtures  m  which 
both  basylous  and  acidulous  radicals  may  be  sought  should 
then  be  analysed.  .  .  , 

In  examining  salts  soluble  in  water,  and  concerning  which 
no  general  information  is  obtainable,  search  must  first  be  made 
for  any  basylous  radicals  by  the  appropriate  methods  (vide  pp. 
257  or  298-303).    Certain  metals  having  been  thus  detected, 
a  little  reflection  on  the  character  of  their  salts  will  at  once  . 
indicate  what  acidulous  radicals  may  be,  and  what  cannot  be, 
present.    Thus,  for  instance,  if  the  substance  under  examina- 
tion is  freely  soluble  in  water,  and  lead  is  found,  only  the  nitric 
and  acetic  radicals  need  besought  none  other  of  he dead salts 
than  nitrate  or  acetate  being  freely  soluble  m  watei.  More- 
over the  salt  is  more  likely  to  be  acetate  than  nitrate  of  lead, 
for  two  reasons:  the  former  is  more  soluble  than  the  lattei 
and  is  by  far  the  commoner  salt  of  the  two.    Medical  and 
pharmaceutical  students  have  probably,  m  dispensing  already 
[earnt  much  concerning  the  solubility  of  salts,  and  wheth« 
salt  is  rarely  employed  .or  is  m  common  use    And  although 
tat  little  dependence  can  be  placed  on  the  chances  of  a  sal 

to  suggest  that  sal-ammoniac,  nitre,  and  epsom  salt  were 
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originally  mixed  together,  than  to  suppose  any  other  possible 
combination.  Such  appeals  to  experience  regarding  the 
solubility  or  rarity  of  salts  cannot  be  made  by  any  one  not 
previously  acquainted,  or  insufficiently  acquainted,  with  the 
characters  of  salts ;  in.  such  cases  the  relation  of  a  salt  to 
water  and  acids  can  be  ascertained  by  referring  to  the  follow- 
ing Table  (p.  436)  of  the  solubility  or  insolubility  of  about 
five  hundred  of  the  common  and  rarer  salts  met  with  in 
chemical  operations. 

The  opposite  course  to  the  above  (namely,  to  ascertain  what 
acidulous  radicals  are  present  in  a  mixture,  and  then  to  appeal 
to  experience  to  tell  what  basylous  radicals  may  be  and  what 
cannot  be  present)  is  impracticable ;  for  acidulous  radicals 
cannot  be  separated  out,  one  after  the  other,  from  one  and  the 
same  quantity  of  substance  by  a  similar  treatment  to  that 
already  given  for  basylous  radicals.  Indeed  such  a  sifting  of 
acidulous  radicals  could  scarcely  be  accomplished  at  all,  or 
only  by  a  vast  deal  of  labour.  The  basylous  radicals  must 
therefore  first  be  detected. 

Even  when  the  basylous  radicals  have  been  found,  the  acidu- 
lous radicals  which  may  be  present  must  be  sought  for  singly, 
the  only  additional  aid  which  can  be  brought  in  being  the 
action  of  sulphuric  acid,  a  barium  salt,  a  calcium  salt,  nitrate 
of  silver,  and  ferric  chloride  on  separate  small  portions  of  the 
solution  under  examination,  as  detailed  in  the  second  of  the 
following  Tables. 

&  Practical  Analysis. 

Commence  the  analysis  of  an  aqueous  solution  of  a  salt  or 
salts,  the  basylous  radicals  in  which  are  known,  by  writing 
out  a  list  of  the  acidulous  radicals  which  may  be,  or,  if  more 
convenient,  of  those  which  cannot  be  present.    To  this  end, 
consult  the  following  Table  (p.  436)  of  the  solubility  of  salts 
in  water.     Look  for  the  name  of  the  metal  of  the  salt  in 
the  vertical  column  ;  the  letters  S  and  I  indicate  which  salts 
are   soluble   and   which  insoluble  in   water,  an  asterisk 
attached  to  the  S  meaning  that  the  salt  is  slightly  soluble. 
The  acidulous  part  of  the  name  is  given  in  the  top  line  of 
the  table.     All  the  names  are  in  alphabetical  order,  for 
facility  of  reference. 

A.C.  p  f 
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Some  of  the  salts  marked  as  insoluble  in  water  are  soluble 
in  aqueous  solutions  of  soluble  salts,  a  few  forming  soluble 
double  salts.  To  characterize  salts  as  soluble,  slightly  soluble, 
or  insoluble,  only  roughly  indicates  their  relation  to  water  : 
on  the  one  hand,  very  few  salts  are  absolutely  insoluble  in 
water ;  on  the  other,  there  is  a  limit  to  the  solubility  of  every 
salt. 

If  only  one,  two,  or  perhaps  three  given  acidulous  radicals 
can  be  in  the  liquid,  test  directly  for  it  or  them  according 
to  the  reactions  given  in  the  previous  pages.  If  several  may 
be  present,  pour  small  portions  of  the  solution,  rendered 
neutral  if  necessary  by  ammonia,  into  five  test-tubes,  and 
add  respectively  sulphuric  acid,  nitrate  or  chloride  of 
barium,  chloride  of  calcium,  nitrate  of  silver,  and  ferric 
chloride  ;  then  consult  the  Table  on  page  437,  in  order  to 
correctly  interpret  the  effects  these  reagents  may  have  pro- 
duced. 

Remarks  on  the  Table,  page  437. 

The  first  point  of  value  to  be  noticed  in  connection  with 
this  Table,  is  one  of  a  negative  character ;  namely,  if  either  ot 
the  reagents  gives  no  reaction,  it  is  self-evident  that  the  salts 
which  it  decomposes  with  production  of  a  precipitate  must  be 
absent.    Then,  again,  if  the  action  of  one  of  the  reagents  in- 
dicates the  absence  of  certain  acidulous  radicals,  those  radicals 
cannot  be  amongst  those  precipitated  by  the  other  reagents  ; 
thus  if  the  action  of  sulphuric  acid  points  to  the  absence  ot 
sulphides,  sulphites,  carbonates,  cyanides,  and  acetates,  these 
salts  may  be  struck  out  of  the  other  lists,  and  the  examination 
of  subsequent  precipitates  be  so  far  simplified.    Or,  it  the 
barium  precipitate  is  soluble  in  hydrochloric  acid  and  the 
calcium  precipitate  in  acetic  acid,  neither  sulphates  nor 
oxalates  can  be  present.    Observing  these  and  other  points 
of  difference,  which  will  be  seen  on  careful  and  thoughtful 
reflection,  and  remembering  the  facts  suggested  by  a  know- 
ledge of  what  basylous  radicals  are  present,  one  acidulous 
radical  after  the  other  may  be  struck  off  as  absent  or  present, 
leaving  only  one  or  two  as  the  objects  of  special  experiment 
Among  the  chief  difficulties  to  be  encountered  will  be  the 

separation  from  each  other  of  chlorides,  bromides,  iodides 
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and  cyanides,  or  of  tartrates  from  citrates,  and  confirmatory 
tests  of  the  presence  of  certain  compounds.  These  may  all 
be  surmounted  on  referring  back  to  the  reactions  of  the 
various  radicals,  as  described  under  their  hydrogen  salts,  the 

In  rendering  a  solution  neutral,  for  the  application  of  the 
various  group-tests,  the  necessary  employment  of  any  large 
amount  of  acid  or  of  alkali  must  be  noted,  the  presence  ot 
actual  alkalies  (that  is  hydrates)  or  of  acids  themselves— 
free  acids,  so-called— respectively,  being  thereby  indicated. 
Free  acids  also  betray  themselves  by  the  abundant  efferves- 
cence which  results  on  the  addition  of  a  carbonate. 

Sulphuric  acid,  the  first  group-reagent,  may  itself  yield, 
especially  when  heated  with  some  solid  substances,  sul- 
phurous acid  or  hydrosulphuric  acid  (see  p.  318) ;  hence  the 
production  of  the  latter  acids  from  a  diluted  solution  only  is 
evidence  of  the  presence  of  a  sulphide  or  sulphite. 

In  the  precipitate  produced  by  chloride  of  barium,  the 
second  group-reagent,  the  oxalic  radical  may  be  specially 
sought  by  the  test  described  in  the  "  note  "  on  p.  373. 

Chloride  of  calcium  does  not  precipitate  citrates  readily 
or  completely  in  the  cold :  therefore  the  mixture  should  be 
filtered  and  the  filtrate  boiled  ;  calcium  citrate  then  falls. 
Calcium  tartrate  is  soluble  in  solution  of  chloride  of  ammo- 
nium when  quite  freshly  precipitated,  but  not  after  it  has 
become  crystalline.  From  their  solution  in  chloride  of  am- 
monium, tartrate  of  calcium  is  mostly  precipitated  by 
ammonia,  and  citrate  on  boiling. 

The  rarer  acidulous  radicals  will  very  seldom  be  met  with. 
Benzoates,  hippurates  (which  give  benzoic  acid),  hypochlo- 
rites, hyposulphites,  nitrites,  and  valerianates  show  them- 
selves under  the  sulphuric  treatment.  Ferrocyanidcs, 
ferricyanides,  meconates,  succinates,  sulphocyanates,  tan- 
nates,  and  gallates,  appear  among  the  salts  whose  presence 
is  indicated  by'  ferric  chloride ;  formates,  hypophosphites, 
malates,  and  others  by  nitrate  of  silver.  Urates  char  when 
heated,  giving  an  odour  resembling  that  of  burnt  feathers. 

In  actual  practice  the  analyst  nearly  always  has  some 
clue  to  the  nature  of  rarer  substances  placed  in  his  hands. 

If  chromium  and  arsenium  have  been  detected  among  the 
basylous  radicals,  those  elements  may  be  present  in  the  fonn 
of  chromates,  arseniates,  and  arsenites,  yielding  with 
chloride  of  barium  yellow  chromate  of  barium  and  white 
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arseniate  and  arsenite  of  barium,  and  with  nitrate  of  silver 
red  chromate,  brown  arseniate,  and  yellow  arsenite  of 
silver. 


QUESTIONS  AND  EXEKCISES. 

In  analysing  an  aqueous  solution  of  salts,  for  which  radicals  would  you 
first  search,  the  basylous  or  the  acidulous  ?  and  why  ?— In  an  aqueous 
solution  there  have  been  found  magnesium  (Mg)  and  potassium  (K), 
with  the  sulphuric  radical  (S04),  and  iodine  (I) ;  state  the  nature  of  the 
salts  which  were  originally  dissolved  in  the  water,  and  mention  the 
principles  which  guide  you  to  the  conclusions. — Give  a  sketch  of  the 
method  by  which  to  analyse  a  neutral  or  only  faintly  acid  aqueous 
liquid  for  the  acidulous  radicals  of  salts.  In  what  stage  of  the  process 
would  the  following  salts  be  detected?  a.  Carbonates  and  Sulphates. 
b.  Oxalates,  c.  Tartrates  and  Nitrates,  d.  Acetates  and  Sulphites. 
e.  Bromides  and  Cyanides.  /.  Borates,  g.  Iodides  and  Phosphates. 
h.  Chlorates,  Oxalates,  and  Acetates,  i.  Chlorides  and  Iodides,  j. 
Sulphites,  k.  Sulpirides,  Carbonates,  and  Nitrates.  I.  Citrates  and 
Sulphates.— Nitrate  of  silver  gives  no  precipitate  in  an  aqueous  solu- 
tion;  what  acidulous  radicals  may  be  present?— Chloride  of  barium 
gives  no  precipitate  in  a  neutral  solution,  but  nitrate  of  silver  a  white ; 
what  acidulous  radicals  are  indicated  ?— Ferric  chloride  produces  a  deep- 
red  colour  in  a  solution,  chloride  of  calcium  yielding  no  precipitate ; 
what  salts  may  be  present  ?  and  how  may  they  be  distinguished  from 
each  other  ?— Ferric  chloride  gives  a  black  precipitate  in  a  solution 
in  which  sulphuric  acid  develops  no  odour;  to  what  is  the  effect 
due? 


ANALYSIS  OF  SALTS. 
SINGLE  OR  MIXED,  SOLUBLE  OR  INSOLUBLE. 

Thus  far  all  material  substances,  especially  those  of  phar- 
maceutical interest,  have  been  regarded  as  being  definite 
compounds,  and  as  having  certain  well-defined  parts,  termed, 
for  convenience,  basylous  and  acidulous  respectively  :  more- 
over attention  has  been  designedly  restricted  to  those 
definite  compounds  which  are  soluble  m  water.  But  there 
are  many  substances  having  no  definite  or  known  composi- 
tion •  and  of  those  having  definite  composition  there  are 
manv  having  no  definite  or  ascertained  parts.  Again,  ot 
those  having  definite  composition,  and  whose  constitution 
admits  of  the  entertainment  of  theory,  there  are  many  in- 
soluble in  water.  ,  .  . 
Chemical  substances  of  whose  composition  or  constitution 
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little  or  nothing  is  at  present  known,  are  chiefly  of  animal 
and  vegetable  origin,  and  figure  in  tables  of  analyses  under 
the  convenient  collective  title  of  "  extractive  matter  ;  tney 
are  not  of  immediate  importance,  and  may  be  omitted  from 

consideration.  ,        ,  nn 

Of  substances  which  are  definite  m  composition,  but  whose 
parts  or  radicals,  if  they  have  any,  are  unknown  or  imper- 
fectly known,  there  are  only  a  few  (such  as  the  alkaloids, 
amylaceous  and  saccharine  matters,  the  glucosides,_and  the 
albvimenoid,  resinoid,  and  colorific  substances)  which  have 
any  considerable  amount  of  medical  or  pharmaceutical 
interest ;  these  will  be  noticed  subsequently. 

Definite  compounds  most  frequently  present  themselves ; 
and  of  these  by  far  the  larger  proportion  (namely  the  salts 
soluble  in  water)  have  already  been  fully  studied,  lnere 
remain,  however,  many  salts  which  are  insoluble  m  water, 
but  which  must  be  brought  into  a  state  of  solution  before 
thev  can  be  effectively  examined.  The  next  subject  ol 
laboratory  work  is,  therefore,  the  analysis  of  substances 
which  may  or  may  not  be  soluble  in  water.  This  will  in- 
volve no  other  analytical  schemes  than  those  which  have 
been  given,  will  in  only  one  or  two  cases  increase  the 
difficulty  of  the  analysis  of  a  precipitate  produced  by  a  group 
reagent,  but  will  give  roundness,  completeness,  and  a  practi- 
cal bearing  to  the  reader's  analytical  knowledge.  Such  a 
procedure  will  at  the  same  time  bring  into  notice  the 
methods  by  which  substances  insoluble  in  water  are  manipu- 
lated for  pharmaceutical  purposes,  or  made  available  for  use 
as  food  by  plants,  or  as  food  and  medicine  by  man  and 
animals  generally. 

Preliminary  Examination   of  Solid  {chiefly  mineral) 
Salts. 

Before  attempting  to  dissolve  a  salt  for  analysis,  its  appear- 
ance and  other  physical  properties  should  be  noted,  and  the 
influence  of  heat  and  strong  sulphuric  acid  be  ascertained. 
If  the  operator  knows  how  to  interpret  what  is  thus  observed, 
and  to  what  extent  to  place  confidence  in  the  observations, 
he  may  more  certainly  obtain  a  high  degree  of  precision  m 
analysis,  and  will  always  gain  some  valuable  negative  infor- 
mation. But  if  he  has  only  slight  experience  of  the  appear- 
ance and  general  properties  of  bodies,  or  has  the  habit  of 
turning  what  should  be  inferences  from  tentative  processes 
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into  foregone  conclusions,  he  should  omit  the  preliminary 
examination  altogether,  or  only  follow  it  out  under  the 
guidance  of  a  judicious  tutor  ;  for  it  is  impracticable  here  to 
do  more  than  hint  at  the  results  which  may  be  obtained  by 
such  an  examination,  or  to  so  adapt  descriptions  as  to  prevent 
a  student  allowing  unnecessary  weight  to  preconceived  ideas. 

Whatever  be  the  course  pursued,  short  memoranda  describ- 
ing results  should  invariably  be  entered  in  the  note-book. 

1.  Examine  the  physical  characters  of  the  salt  in  various 
ways,  but  never,  or  only  rarely  and  cautiously,  by  the  palate, 
on  account  of  the  danger  to  be  apprehended. 

If  the  salt  is  white,  coloured  substances  cannot  be 
present ;  if  coloured,  the  tint  may  indicate  the  nature  of  the 
substance  or  of  one  of  its  constituents,  supposing  that  the 
learner  is  already  acquainted  with  the  colours  of  salts. 
Closer  observation,  aided  perhaps  by  a  lens,  may  reveal  the 
occurrence,  in  a  pulverulent  mixture,  of  small  crystals  or 
pieces  of  a  single  substance  ;  these  should  be  picked  out  by 
a  needle  and  examined  separately.  In  a  powder  or  roughly 
divided  mixture  of  substances,  the  process  of  sifting  (through 
such  sieves  as  muslin  of  different  degrees  of  fineness)  often 
mechanically  separates  substances,  and  thus  greatly  facilitates 
analysis.  The  body  may  present  an  undoubted  metallic 
appearance,  in  which  case  only  the  metals  existing  under 
ordinary  atmospheric  conditions  need  be  sought.  Peculiarity 
in  smell  reveals  the  presence  of  ammonia,  hydrocyanic  acid, 
hydrosulphuric  acid,  etc.  Between  the  fingers  a  substance 
is,  perhaps,  hard,  soft,  or  gritty;  consequent  inferences 
follow.  Or  the  matter  may  be  heavy,  like  the  salts  of 
barium  or  lead  ;  or  light,  like  the  carbonates  and  hydrates 
of  magnesium  ;  or  may  be  one  of  the  pharmaceutical^  well- 
known  class  of  "  scale  "  preparations. 

2.  Place  a  grain  or  two  of  the  salt  in  a  small  dry  test-tube 
or  in  a  piece  of  ordinary  tubing,  closed  at  one  end,  and  heat 
it,  at  first  gently,  then  more  strongly,  and  finally,  if  neces- 
sary, by  the  blowpipe. 

Gases  or  vapours  of  characteristic  appearance  or  odour 
may  be  evolved  ;  such  as  iodine,  nitrous  fumes,  sulphurous, 
hydrocyanic,  or  ammoniacal  gases.    Much  steam  given  off 
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by  a  dry  substance  indicates  either  hydrates  or  salts  con- 
taining water  of   crystallization.     (A  small  quantity  of 
interstitial  moisture  often  causes  heated  crystalline  sub- 
stances to  decrepitate— horn  decrepo,  I  crackle— that  is, 
break  up  with   slight  explosive  violence,  owing  to  the 
expansive  force  of  the  steam  suddenly  generated.)    A  subli- 
mate may  result,  due  to  salts  of  ammonium,  mercury  or 
arsenium,  to  oxalic  or  benzoic  acid,  or  to  sulphur  free  or  as 
a  sulphide— a  salt  wholly  volatile  containing  such  substances 
only.    The  compound  may  blacken,  pointing  to  the  presence 
of  organic  matter— which,  in  common  definite  salts,  will 
probably  be  in  the  form  of  acetates,  tartrates,  and  citrates, 
or  as  common  salts  of  the  alkaloids  morphine,  quinine, 
strychnine,  or  as  a  starch,  sugar,  salicin,  or  in  other  definite 
or  indefinite  forms  common  in  pharmacy,  and  for  which  tests 
will  be  given  in  subsequent  pages.    If  no  charring  occurs, 
the  important  fact  is  established  that  no  organic  matter  is 
present — except  cyanides,  formates,  or  oxalates,  which  do 
not  char.    The  residue  may  change  colour  from  presence  or 
development  of  oxide  of  zinc,  oxide  of  iron,  etc.,  or  melt  from 
the  presence  of  a  fusible  salt  and  absence  of  any  large  pro- 
portion of  infusible  salt,  or  be  unaltered,  showing  the  absence 
of  any  large  amount  of  such  substances. 

3.  Place  a  grain  or  two  of  the  salt  in  a  test-tube,  add  a 
drop  or  two  of  strong  sulphuric  acid,  cautiously  smelling 
any  gas  that  may  be  evolved ;  afterwards  slowly  heat  the 
mixture,  noticing  the  effect,  and  stopping  the  experiment 
when  any  sulphuric  fumes  begin  to  escape. 

Iodine,  bromine,  and  nitrous  or  chlorinoid  fumes  will 
reveal  themselves  by  their  colour,  indicating  the  presence  of 
iodides,  bromides,  iodates,  bromates,  nitrates,  and  chlorates. 
The  evolution  of  a  colourless  gas  fuming  on  coming  into  con- 
tact with  air,  and  having  an  irritating  odour,  points  to 
chlorides,  fluorides,  or  nitrates.    Gaseous  products  having  a 
greenish  colour  and  odour  of  chlorine  indicate  chlorates, 
hypochlorites,  or  chlorides  mixed  with  other  substances. 
Slight  sharp  explosions  betoken  chlorates.     Evolution  of 
colourless  gas  may  proceed  from  cyanides,  acetates,  sulphides, 
sulphites,  carbonates  or  oxalates.    Charring  will  be  due  to 
citrates,  tartrates,  or  other  organic  matter.    If  neither  of 
these  effects  is  produced,  most  of  the  bodies  are  absent  or 
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only  present  in  minute  quantity.  The  substances  apparently 
unaffected  by  the  treatment  are  metallic  oxides,  borates, 
sulphates,  and  phosphates. 

4.  Exposure  of  the  substance  to  the  blowpipe-flame, — on 
platinum  wire  with  or  without  a  bead  of  borax  or  of  micro- 
cosmic  salt*  (phosphate  of  sodium,  ammonium,  and  hydrogen, 
NaNH,HP04) ;  on  platinum  foil,  or  in  a  porcelain  crucible, 
or  on  a  crucible  lid,  with  or  without  carbonate  of  sodium  ;  or 
on  charcoal,  alone  or  in  conjunction  with  carbonate  of 
sodium,  cyanide  of  potassium,  or  nitrate  of  cobalt, — will 
sometimes  yield  important  information,  especially  to  one  who 
has  devoted  much  attention  to  reactions  producible  by  the 
blowpipe-flame.  The  medical  or  pharmaceutical  student, 
however,  will  seldom  have  time  to  work  out  this  subject  to 
an  extent  sufficient  to  make  it  a  trustworthy  guide  in 
analysis.  (See  Plattner  and  Muspratt  "  On  the  Use  of  the 
Blowpipe,"  and  a  chapter  in  Galloway's  "  Manual  of  Qualita- 
tive Analysis.") 

Methods  of  Dissolving  and  Analysing  Single  or  Mixed 
Solid  Substances. 

Having  submitted  the  substance  to  preliminary  examina- 
tion, proceed  to  dissolve  and  analyse  by  the  following 
methods.  These  operations  consist  in  treating  a  well- 
poiodered  substance  consecutively  with  cold  or  hot  ivatcr, 
hydrochloric  acid,  nitric  acid,  nitro-hydrochlonc  acid,  or 
fusion  xoith  alkaline  carbonates  and  solution  of  the  product 
in  water  and  acid.  Resulting  liquids  are  analysed  in  the 
manner  already  described,  or  by  slightly  modified  processes 
as  detailed  in  the  folloioing  paragraphs. 

Solution  in  Water. -Boil  about  a  grain  of  the  salt  pre- 
sented for  analysis  in  about  a  third  of  a  test-tubeful  of 
water.  If  it  dissolves,  prepare  a  solution  of  about  20  or  30 
grains  in  half  an  ounce  or  more  of  water,  and  proceed  with 
the  analysis  in  the  usual  zoay,  testing  first  for  the  basylous 
radical  or  radicals  by  the  proper  group  reagents  (HC1,  H2b, 

*  So  called  because  formerly  obtained  from  the  urine  of  man,  who  was 
called  the  microcosmos,  or  little  world. 


METHODS  OF  EFFECTING  SOLUTION. 


443 


NH4HS,  (NH4)2C03,  (NH4)2HP04),  pp.  257  or  298,  and  then 
for  the  acidulous  radical  or  radicals,  directly  or  by  aid  of  the 
prescribed  reagents  (H2S04,  BaCl2,  CaCl2,  AgN03,  Fe2Cl6), 
p.  437. 

If  the  salt  is  not  wholly  dissolved  by  the  water,  ascertain 
whether  or  not  any  has  entered  into  solution,  by  filtering,  if 
necessary,  and  evaporating  a  drop  or  two  of  the  clear  liquid 
to  dryness  on  platinum  foil ;  the  presence  or  absence  of ^  a 
residue  gives  the  information  sought.  If  anything  is  dis- 
solved, prepare  a  sufficient  quantity  of  solution  for  analysis 
and  proceed  as  usual,  reserving  the  insoluble  portion  of  the 
mixture,  after  thoroughly  exhausting  with  water,  for  subse- 
quent treatment  by  acids. 

Solution  in  Hydrochloric  Acid— It  the  salt  is  insoluble 
in  water,  digest  about  a  grain  of  it  (or  of  the  insoluble 
portion  of  a  mixed  salt)  in  a  few  drops  of  hydrochloric  acid, 
adding  water  and  boiling  if  necessary.  If  the  salt  wholly 
dissolves,  prepare  a  sufficient  quantity  of  the  liquid,  noticing 
whether  or  not  any  effervescence  (due  to  the  presence  of 
sulphides,  sulphites,  carbonates,  or  cyanides)  occurs,  and 
proceed  with  the  analysis  as  before,  except  that  the  first 
step,  the  addition  of  hydrochloric  acid,  may  be  omitted. 

The  analysis  of  this  solution  will  in  most  respects  be 
simpler  than  that  of  an  aqueous  solution,  inasmuch  as  the 
majority  of  salts  (all  those  soluble  in  water)  will  be  absent. 
This  acid  solution  will,  in  short,  only  contain  : — chlorides 
produced  by  the  action  of  the  hydrochloric  acid  on  sulphides, 
sulphites,  carbonates,  cyanides,  oxides,  and  hydrates;  and 
certain  borates,  oxalates,  phosphates,  tartrates,  and  citrates 
(possibly  silicates  and  fluorides),  which  are  insoluble  in 
water,  but  soluble  in  acids  without  apparent  decomposition. 
The  first  four — sulphides,  sulphites,  carbonates,  and  cyanides 
— will  have  revealed  themselves  by  the  occurrence  of  effer- 
vescence during  solution  ,  and  the  presence  of  oxides  and 
hydrates  may  often  be  inferred  by  the  absence  of  compatible 
acidulous  radicals.    The  borates,  oxalates,  phosphates,  tar- 
trates, and  citrates  alluded  to  will  be  reprecipitated  in  the 
general  analysis  as  soon  as  the  acid  of  the  solution  is  neutral- 
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ized ;  that  is,  will  come  down  in  their  original  state  when 
ammonia  and  sulphydrate  of  ammonium  are  added  in  the 
usual  course.  Of  these  precipitates,  only  the  oxalate  of  cal- 
cium and  the  phosphates  of  calcium  and  magnesium  need 
occupy  attention  now ;  for  oxalate  and  phosphate  of  barium 
seldom  or  never  occur,  and  the  borates,  tartrates,  and  citrates 
met  with  in  medicine  or  general  analysis,  are  all  soluble^  in 
water.  These  phosphates  and  oxalates,  then,  will  be  precipi- 
tated in  the  course  of  analysis  along  with  iron,  their  presence 
not  interfering  with  the  detection  of  any  other  metah  If, 
from  the  unusually  light  colour  of  the  ferric  precipitate, 
phosphates  and  oxalates  are  suspected,  it  is  treated  according 
to  the  following  Table  (reference  to  which  should  be  inserted 
in  the  Table  for  metals,  under  Fe,  p.  257,  and  in  the  long 
Table  opposite  page  298). 

Precipitate  of  Phosphates,  Oxalates,  Ferric  Hydrate, 

etc. 

Dissolve  in  HC1,  add  citric  acid,  then  NH4H0,  and  filter  ; 
then  follow  the  Table  below. 


Filtrate 
Fe. 

Add  HC1  and 
K4Fcy. 
Blue  ppt. 


Precipitate 
Ca32P04,  CaC204,  Mg32P04. 
Boil  in  acetic  acid,  and  filter. 


Insoluble 

Caao4* 

White. 
(CaF2  may 
occur  here.) 


Filtrate 
Ca32P04,Mg32P04. 
Add  Am2C204,  stir,  filter 


Precipitate 

white, 
indicating 
Ca32P04. 


Filtrate, 
add  AmHO. 
White  ppt. 
MgNH4P04. 


In  analysing  phosphates  and  oxalates,  advantage  is  also 
frequently  taken  of  the  facts  that  the  phosphoric  radical  is 
wholly  removed  from  solution  of  phosphates  m  acid  by  the 
addition  of  an  alkaline  acetate,  ferric  chloride  and  subsequent 
ebullition,  as  described  under  "  Phosphoric  Acid  "  (p.  390), 
and  that  dry  oxalates  are  converted  into  carbonates  by  heat, 

•  Most  oxalates,  after  being  heated,  effervesce  on  the  addition  of  acid  ; 
fluorides  may  be  detected  by  the  "  etching"  test. 
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as  mentioned  tinder  "Oxalic  Acid"  (p.  373).    {See  also  p. 
391,  4th  Analytical  Reaction.)  _  m 

Certain  arseniates  and  arsenites,  insoluble  m  water  but 
soluble  in  hydrochloric  acid,  may  accompany  the  above  phos- 
phates and  oxalates  if  from  any  cause  hydrosulphuric  acid 
gas  has  not  been  previously  passed  through  the  solution,  or 
passed  for  an  insufficient  length  of  time. 

If  the  substance  insoluble  in  water  does  not  toholly  dis- 
solve in  hydrochloric  acid,  ascertain  if  any  has  entered  into 
solution,  by  filtering,  if  necessary,  and  evaporating  a  drop  of 
the  clear  liquid  to  dryness  on  platinum  foil ;  the  presence  or 
absence  of  a  residue  gives  the  information  sought.  If  any- 
thing is  dissolved,- prepare  a  sufficient  quantity  of  solution 
for  analysis,  and  proceed  as  usual,  reserving  the  insoluble 
portion  of  the  mixture,  after  thoroughly  exhausting  with 
hydrochloric  acid  and  well  washing  with  water,  for  the 
following  treatment  by  nitric  acid. 

Solution  in  Nitric  Acid— -If  the  salt  is  insoluble  in  water 
and  hydrochloric  acid,  boil  it  (or  that  part  of  it  which  is 
insoluble  in  those  menstrua)  in  a  few  drops  of  nitric  acid.  ^  If 
it  wholly  dissolves,  remove  excess  of  acid  by  evaporation, 
dilute  with  water,  and  proceed  with  the  analysis. 

This  nitric  solution  can  contain  only  a  few  substances  ;  for 
nearly  all  salts  soluble  in  nitric  acid  are  also  soluble  in 
hydrochloric  acid,  and  therefore  will  have  been  removed 
previously.  Some  of  the  metals,  however  (Ag,  Cu,  Hg,  Pb, 
Bi),  as  well  as  amalgams  and  alloys,  unaffected  or  scarcely 
affected  by  hydrochloric  acid,  are  readily  attacked  and  dis- 
solved by  nitric  acid.  Many  of  the  sulphides,  also,  insoluble 
in  hydrochloric  acid,  are  dissolved  by  nitric  acid,  usually 
with  separation  of  sulphur.  Calomel  is  converted,  by  long- 
boiling  with  nitric  acid,  into  mercuric  chloride  and  nitrate. 
The  nitrates  here  produced  are  soluble  in  water. 

This  nitric  solution,  as  well  as  the  hydrochloric  and 
aqueous  solutions,  should  be  examined  separately.  Ap- 
parently, time  would  be  saved  by  mixing  the  three  solutions 
together  and  making  one  analysis.  But  the  object  of  the 
analyst  is  to  separate  every  radical  from  every  other ;  and 
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when  this  has  been  partially  accomplished  by  solvents,  it 
would  be  unwise  to  again  mix  and  separate  a  second  time. 
Moreover,  solvents  often  do  what  the  chemical  reagents  can- 
not— namely,  separate  salts  from  each  other.  This  is  im- 
portant, inasmuch  as  the  end  to  be  attained  in  analysis  is 
not  only  an  enumeration  of  the  radicals  present,  but  a  state- 
ment of  the  actual  condition  in  which  they  are  present ;  the 
analyst  must,  if  possible,  state  of  what  salts  a  given  mixture 
was  originally  formed — how  the  basylous  and  acidulous 
radicals  were  originally  distributed.  In  attempting  this, 
much  must  be  left  to  theoretical  considerations ;  but  a  process 
by  which  the  salts  themselves  are  separated  is  of  trustworthy 
practical  assistance  ;  hence  the  chief  advantage  of  analysing 
separately  the  solutions  resulting  from  the  action  of  water 
and  acids  on  a  solid  substance. 

Solution  in  Nitro-IIydrochloric  Acid. — If  the  salt  or  any 
part  of  a  mixture  of  salts  is  insoluble  in  water,  hydrochloric 
acid,  and  nitric  acid,  digest  it  in  nitro-hydrochloric  acid, 
warming,  or  even  boiling  gently,  if  necessary  ;  evaporate  to 
remove  excess  of  acid,  dilute,  and  proceed  as  before. 

Sulphide  of  mercury  and  substances  only  slowly  attacked 
by  hydrochloric  or  nitric  acid,  as,  for  example,  calomel  and 
ignited  ferric  oxide,  are  sufficiently  altered  by  the  free 
chlorine  of  aqua  regia  to  become  soluble. 

Analysis  of  Insoluble  Substances. 

If  the  substance  is  insoluble  in  water  and  acids,  it  is  one 
or  more  of  the  following  substances :— Sand  and  certain  sili- 
cates, such  as  pipeclay  and  other  clays ;  fluor  spar  ;  cryolite 
(3NaF,  A1T3) ;  sulphates  of  barium,  strontium,  and  possibly 
calcium  ;  tinstone  ;  antimonic  oxide ;  glass  ;  felspar  (double 
silicate  of  aluminium  and  other  metals) ;  chloride,  bromide, 
or  iodide  of  silver ;  sulphate  of  lead.  It  may  also  be  or  con- 
tain carbon  or  carbonaceous  matter,  in  which  case  it  is  black 
and  combustible,  burning  entirely  or  partially  away  when 
heated  in  the  air— or  be  or  contain  sulphur,  in  which  case 
sulphurous  gas  is  evolved,  detected  by  its  odour,  when  the 
substance  is  heated  in  air.     A  drop  of  solution  of  sulphy- 
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drate  of  ammonium,  added  to  a  little  of  the  powder,  will  at 
once  indicate  the  presence  or  absence  of  salts  of  such  metals 
as  lead  and  silver.  For  the  other  substances,  proceed  accord- 
ing to  the  following  (Bloxam's)  method  : — 

Four  or  five  grains  of  the  dry  substance  are  intimately 
mixed  with  twice  the  quantity  of  dried  carbonate  of  sodium, 
and  this  mixture  well  rubbed  in  a  mortar  with  five  times  its 
weight  of  deflagrating  flux  (1  of  finely  powdered  charcoal  to 
6  of  nitre).  The  resulting  powder  is  placed  in  a  thin  porce- 
lain dish,  or  crucible,  or  clean  iron  tray,  and  a  lighted  match 
applied  to  the  centre  of  the  heap.  Deflagration  ensues,  and 
decomposition  of  the  various  substances  occurs,  the  acidulous 
radicals  going  to  the  alkali  metals  to  form  salts  soluble  in 
water,  the  basylous  radicals  being  simultaneously  converted 
into  carbonates  or  oxides.  The  mass  is  boiled  in  water  for 
a  few  minutes,  the  mixture  filtered,  and  the  residue  well 
washed.  The  filtrate  may  then  be  examined  for  acidulous 
radicals  and  aluminium,  and  the  residue  be  dissolved  in  diluted 
hydrochloric  acid  and  analysed  by  the  ordinary  method. 

The  only  substance  which  resists  this  treatment  is  chrome 
iron-ore. 

To  detect  alkali  in  felspar,  glass,  or  cryolite,  Bloxam  recom- 
mends deflagration  of  the  powdered  mineral  with  one  part  of 
sulphur  and  six  of  nitrate  of  barium.  The  mass  is  boiled  in 
water,  the  mixture  filtered,  hydrate  and  carbonate  of  ammo- 
nium added  to  remove  barium,  the  mixture  again  filtered,  and 
the  filtrate  evaporated  and  examined  for  alkalies  by  the 
usual  process. 

Hydrates  and  Oxides. 

If  no  acidulous  radical  can  be  detected  in  a  substance  under 
analytical  examination,  or  if  the  amount  found  is  obviously 
insufficient  to  saturate  the  quantity  of  basylous  radical  pre- 
sent, the  occurrence  of  oxides  or  hydrates,  or  both,  may  be 
suspected.  Confirmation  of  their  presence  will  be  found  in 
the  general  rather  than  in  any  special  behaviour  of  the  sub- 
stances. Some  hydrates  yield  water  when  heated — in  a  dry 
test-tube  held  nearly  horizontally  in  a  flame,  so  that  moisture 
may  condense  on  the  cool  part  of  the  tube.    Some  oxides 
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yield  oxygen— detected  by  heating  in  a  test-tube,  and  insert 
ing  the  incandescent  end  of  a  strip  of  wood.  Soluble  hydrates 
cause  abundant  evolution  of  ammonia  gas  when  heated  with 
solution  of  chloride  of  ammonium.  Soluble  hydrates  also 
give  characteristic  precipitates  with  the  various  metallic 
solutions.  Hydrates  and  oxides  insoluble  m  water,  not  only 
neutralize  much  nitric  acid,  or  acetic  acid,  but  are  thereby 
converted  into  salts  soluble  in  water.  Most  oxides  and 
hydrates  have  a  characteristic  appearance.  In  short,  some 
one  or  more  properties  of  an  oxide  or  a  hydrate  will  generally 
betray  its  presence  to  the  student  who  not  only  has  know- 
ledge respecting  chemical  substances,  but  has  cultivated  the 
faculties  of  observation  and  perception. 

Fractional  Operations. 

Not  only  is  the  common  process  of  sifting  (p.  440)  through 
sieves  of  varying  degrees  of  fineness  a  useful  fractional  opera- 
tion or  separatory  adjunct  in  analytical  as  in  other  woik 
btit  also  fractional  elutriation  (p.  149),  fractional  solution  of 
a  mixed  mass  by  lixiviation  (p.  94)  of  the  substance  with 
successive  small  quantities  of  solvents  and  fractional  pre- 
cipitation with  filtration  after  each  addition  of  success  ve 
small  quantities  of  a  precipitant.  Fractional  distillation 
17de  Index)  is  often  very  useful,  fractional  sublimation 
(p  100)  and  fractional  crystallization  (p.  81)  occasionally, 
fractional  fusion  less  often. 

QUESTIONS  AND  EXEECISES. 
Describe  the  preliminary  treatment  to  which  a  salt  may  be  subjected 
prS  to  systema'tic  analysis-Mention  substances  winch  might  b *  , eoog_ 
nisedby  smell.-Which  classes  of  salts  are  ^  ^whjch  h  M 
Name  some  bodies  detectable  by  their  colour—What  inJ"°c° 
drawn  from  the  appearance  of  ^^^^^T^ 
Why  do  certain  crystals  decrepitate  ?-If  e?-Wben  heat  causes 

heated,  to  what  classes  of  compounds  maj -it  be  ong?  -When*  i 
charring,  what  conclusion  is  drawn  ?-No  ^  7^4  are 
which  substances  cannot  be  present  ?— Give  examples  o  i  w» 
identified  by  their  reaction  with  ^'^^^SSSSSt. 
portment  in  the  blowpipe-flame,  with  or  wit  »out  boiax  o  m 
-What  are  the  solvents  usually  employed  in endeaxouimg ioo 

stance  in  a  state  of  solution  ?  and  ^^°J^*£gBS5^ 
Name  a  few  salts  which  may  be  present  m  an  aqueous ;  solut  odc 
some  common  compounds  insoluble  m  water,  Jftwiuj«  •  nWhvdro- 
aoid.-What  substances  are  only  attacked  by  nitric  acia  o 
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chloric  acid?— At  what  stage  of  analysis  do  arsenites  and  arseniates 
show  themselves  ? — Sketch  out  a  method  for  the  complete  analysis  of  a 
liquid  suspected  to  be  an  aqueous  solution  of  neutral  salts. — How  can 
earthy  phosphates  and  oxalates  with  ferric  oxide  be  separated  from  each 
other  ? — How  would  you  proceed  to  analyse  an  alloy  ? — By  what  process 
may  substances  insoluble  in  water  or  acids  be  analysed  ? — How  would 
you  qualitatively  analyse  glass  ? 


RECAPITULATORY  AND  OTHER  NOTES  ON  THE  CONSTITUTION 
OP  THE  DEFINITE  CHEMICAL  COMPOUNDS  COMMONLY 
TERMED  SALTS. 

The  molecules  of  a  salt  (p.  32)  contain  radicals  (p.  68) 
which  may  be  either  elementary  or  compound  (p.  69). 

Each  radical  has  a  definite  exchangeable  value  (p.  135). 

The  definite  exchangeable  values  of  radicals  differ  in 
different  series  of  radicals  (pp.  135  to  137). 

In  one  and  the  same  molecule  of  a  salt,  two  or  more  different 
atoms  of  the  same  element  may  possess  the  two  distinct  func- 
tions of  being  (a)  a  -single  definite  distinct  radical,  and  (6) 
one  member  of  a  group  of  atoms  which  together  form  a 
single  definite  distinct  radical  (pp.  136  and  305). 

The  relation  to  each  other,  either  of  the  elementary  or  the 
compound  radicals  in  organic  substances  or  salts,  is  apparently 
far  more  complex  than  the  relation  to  each  otber  of  the 
elementary  or  compound  radicals  in  inorganic  or  mineral 
salts — as  will  be  apparent  when  the  section  on  organic 
chemistry  has  been  studied. 

The  properties  of  salts  are  regarded  as  depending  on  (a) 
the  nature,  (6)  the  number,  and  (c)  the  position  in  relation 
to  each  other,  of  the  elementary  and  compound  radicals  in 
a  molecule — as  will  be  apparent  when  the  subject  of  isomerism 
has  been  studied. 

Dumas,  afterwards  Laurent,  and  then  Gerhard t,  attempted 
the  classification  of  salts  under  such  types  as  the  following : — 

H)  H)Q  H) 

H  /  H/U  HrrN 

H) 

The  hydrogen  type.  The  water  type.  The  ammonia  type. 

Other  chemists  have  extended  the  number  of  such  types 
of  salts.  Further,  by  writing  the  typical  formulae  in  the 
above  and  other  manners,  a  mode  of  indicating  the  facts 
assumed  to  be  dependent  on  the  position  of  the  atoms  in 

A.C.  G  G 
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a  molecule  has  been  sought  to  be  obtained.  Finally,  the 
natural  development  of  this  train  of  thought  and  of  practice 
has  produced  the  graphic  formula}  of  Kekule,  Frankland, 
and  others,  and  has  given  rise  to  the  doctrine  of  valency. 

Caution  .—The  conjectural  or  theoretic  character  of  our 
ideas  respecting  masses  of  matter  being  formed  of  molecules, 
and  molecules  of  atoms,  and  that  molecules  contain  radicals 
consisting  of  one  or  more  atoms,  must  never  be  lost  sight  of, 
highly  valuable  and  practically  useful  though  the  hypotheses 
be  (see  pages  30,  49  to  56,  155,  306,  333,  350,  461). 

Berthollet's  Laws.— 11  When  we  cause  two  salts  to  react  by 
means  of  a  solvent,  if,  in  the  course  of  double  decomposition, 
a  new  salt  can  be  produced  less  soluble  than  those  which  we 
have  mixed,  this  salt  will  be  produced."  "  When  we  apply 
dry  heat  to  two  salts,  if,  by  double  decomposition,  a  new  salt 
can  be  produced  more  volatile  than  the  salts  previously  mixed, 
this  salt  will  be  produced." 

MalaguWs  Law— When  solutions  of  two  different  salts 
are  mixed  and  metathesis  occurs,  and  fo\ir  salts  result ;  the 
proportions  of  the  salts  to  each  other  are  dependent  on  the 
strength  or  intensity  of  force  with  which  the  respective 
basylous  and  acidulous  radicals  are  united. 

The  state  of  equilibrium  just  mentioned  may  be  permanent 
or  temporary.  The  latter  condition  obtains  when  one  of  the 
salts  which  may  possibly  be  produced  is  insoluble,  for  as  soon 
as  precipitation  occurs  the  equilibrium  is  upset,  and  is  re- 
established only  to  be  upset  again,  and  so  on  until  from  the 
four  salts  there  result  one  in  solution  and  one  out  of  solution. 
This  would  seem  to  be  the  way  in  which  the  laws  termed 
"  Berthollet's  "  work.  , 
The  Periodic  Law.— Observations  by  Newlands,  elaborated 
bv  Mendeleieff  and  Lothar  Meyer,  point  to  a  law  thus  ex- 
pressed by  the  latter  chemist :-"  If  the  elements  are  arranged 
in  order  of  increasing  atomic  weights  [by  which  the  student 
will  understand  those  actual  combining  weights  conveniently 
termed  atomic  weights],  the  properties  of  these  elements  vary 
from  member  to  member  of  the  series,  but  return  more  or  less 
nearly  to  the  same  value  at  certain  fixed  points  in  the  series. 
For  example : — 

Li  Be  B  C  N  0  F  Na  Mg  Al  Si  P  S  CI  K  Ca,  etc. 
The  periodicity  of  properties  here  alluded  to  occurs  at  about 


RECAPITULATORY  AND  OTHER  NOTES. 


451 


every  eighth  member  of  the  series,  irresistibly  suggesting  the 
periodicity  of  the  musical  scale.  Thus  sodium  becomes  the 
octave  to  lithium,  silicon  to  carbon,  phosphorus  to  nitrogen, 
sulphur  to  oxygen,  chlorine  to  fluorine,  potassium  to  sodium, 
calcium  to  magnesium,  etc.  Each  chemical  note  (element) 
is  distinct  from  the  other,  yet  there  is  this  curious  harmony 
between  any  one  and  the  eighth  on  either  side.  There  are 
gaps  in  some  of  the  series  suggesting  elements  yet  to  be 
discovered,  and  irregularities  suggesting  the  desirability  of 
reconsidering  some  of  the  present  weights ;  and  other  difficul- 
ties occur.  Clearly  the  properties  of  the  elements  are  in  some 
way  dependent  on  their  "  atomic  "  weights ;  the  properties 
would  indeed  seem  to  be  mere  functions  of  these  weights ; 
the  properties  would  seem  to  be  determined  by  the  weights  ; 
at  all  events  there  is  some  such  relationship  between  the 
elements— all  of  which  facts  and  considerations,  by  the  way, 
irresistibly  suggest  the  actual  existence  of  atoms  having  fixed 
weight,  and,  pro  tanto,  very  strongly  support  Dal  ton's  atomic 
theory.  Evidently  there  is  less  of  fundamental  difference 
between  the  so-called  elements  than  we  assume  when  we 
regard  them  as  distinct  elements.  They  would  seem  to  be 
not  so  distinct  as  we  commonly  imagine.  Whence  the 
observed  relationship  of  lithium,  sodium,  and  potassium  ;  of 
nitrogen,  phosphorus,  arsenium  and  antimony  (pp.  186,  392) ; 
of  oxygen,  sulphur,  selenium  and  tellurium  (p.  354) ;  of 
carbon,  silicon  and  perhaps  boron  (p.  420);  of  chlorine,  bro- 
mine, iodine  (p.  323)  and  fluorine  (p.  405)  ?  Are  the  so- 
called  elements  one  and  the  same  matter  differing  only  in 
the  weight  of  their  ultimate  particles  ?  Is  the  difference  only, 
say,  rate  of  vibration  ?  They  have  not  yet  been  transmuted. 
The  subject  is  not  developed  sufficiently  to  warrant  farther 
consideration  in  this  manual,  for  ordinary  medical  and  phar- 
maceutical students.  Other  students  will  find  it  fully 
considered  in  more  advanced  works.  Papers  and  general 
statements  will  also  be  found  in  most  journals  of  pharmacy 
(see  Pliarmaceulical  Journal,  3rd  ser.,  vol.  xviii.  p,  882). 
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ADVICE  TO  STUDENTS 

Respecting  the  Method  of  Studying  the  following  pages  on 
Organic  Chemistry. 

Both  medical  and  pharmaceutical  students  of  organic 
chemistry  may  be  divided  into  two  classes,  namely  :  junior 
students,  or  those  who,  in  the  first  instance  at  all  events, 
desire  to  obtain  only  a  general  acquaintance  with  the  subject, 
and  senior  students,  or  those  who,  having  some  general  in- 
formation, desire  more  complete  and  thorough  knowledge  of 
this  branch  of  the  science.  To  the  members  of  each  of  these 
classes  who  use  this  Manual,  some  advice  concerning  the  kind 
and  extent  of  work  they  may  hope  to  accomplish  m  this 
department  of  the  science  will  perhaps  be  acceptable. 

Junior  Students.— The  whole  of  the  following  section  on 
organic  chemistry  should  be  read  through  carefully  once  or 
twice,  with  the  object,  not  so  much  of  remembering  all  that 
is  stated,  as  of  acquiring  (a)  a  general  view  of  the  scope  of 
the  subject,  (6)  a  clear  notion  of  the  modes  of  classifying 
organic  substances,  and  (c)  an  intelligent  perception  of  their 
broad  relationships  to  one  another,    (d)  Special  attention 
should  be  given  to  the  methods  of  preparing  and  testing  the 
particular  substances  officially  recognised  m  the  British  Phar- 
macopoeia, the  student  of  practical  chemistry  preparing  actual 
specimens  of  most  of  these  substances,  as  well  as  going  through 
tests  for  them  and  testing  for  impurities  in  them.  He  should 
make  small  quantities  of  chloroform,  iodoform,  spirit  of 
nitrous  ether,  acetic  ether,  and  a  volatile  oil;  should  extract 
gum  from  a  gum-resin,  purify  some  benzene,  test  alom,  and 
examine  methylated  spirit  for  its  methylic  constituent;  pre- 
pare some  spirit  of  wine  by  fermentation,  concentrating  the 
product  until  it  will  burn;  make  ether  ;  convert  amybc  alco- 
holinto  valerianic  acid;  test  carbolic  acid  and  glycerine; 
manufacture  a  little  soap;  extract  mannite  from  manna  ;  go 
through  the  analytical  reactions  of  cane  and  grape  sugar  , 
obtain  starch  from  wheat-flour,  maize-flour,  and   a  potato, 
and  examine  each  product  with  the  microscope ;  make  dext,  in 
nvroxylin,  and  collodion  ;  prepare  and  test  aldehyde,  and  try 
the  action  of  lime  on  chloral  hydrate  ;  prepare  and  test  acetic, 
oxaltc  and  citric  acids;  emulsify  sweet  and  bitter  almonds : 
prepare  elaterin  and  test  jalap-resin  andsalicm  ;  extract  mor- 
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phine  or  quinine,  or  both,  and  perform  the  teats  for  the  chief 
alkaloids  of  opium,  cinchona,  and  nux  vomica  ;  test  albumen 
and  pepsin.  Having  gone  through  these  operations,  he 
should  again  read  through  the  whole  section. 

Senior  Students,  having  done  all  that  junior  students  are, 
in  the  previous  paragraph,  advised  to  do,  should  thoughtfully 
study  every  page,  reading  what  one  other  author,  at  least, 
has  to  say  on  each  subject.  More  especially  they  should 
actually  prepare,  or  test,  or  otherwise  experiment  with,  one 
or  more  typical  members  of  most  of  the  series,  or  sub-series, 
of  organic  bodies.  For  example,  they  should  prepare  the 
hydrocarbon  methane  (from  acetate  of  sodium),  convert  it 
into  a  haloid  derivative  (by  one  of  the  given  methods),  trans- 
form this  into  the  alcohol  (by  the  agency  of  oxide  of  silver  and 
water),  and  this  again  into  the  acid  (by  oxidation).  The 
preparation  of  acetylene,  and  ethylene,  and  some  of  their 
derivatives,  should  be  tried  ;  the  differences  between  turpen- 
tine and  petroleum  spirit  be  experimentally  proved  ;  nitro- 
benzene be  made,  this  be  converted  into  aniline,  and  this  again 
into  "  mauve  ";  aloin  should  be  prepared;  methylic  alcohol 
be  extracted  from  crude  wood  spirit  and  absolute  alcohol  be 
obtained  from  spirit  of  wine ;  alcohol  and  acetic  acid  be  re- 
generated from  the  acetic  ether  previously  prepared  (by 
ebullition  with  a  strong  aqueous  solution  of  potash) ;  iodide  or 
bromide  of  ethyl  and  perhaps  zinc-ethyl  be  made ;  glycol  be 
prepared  and  then  be  oxidized  ;  glycerine  be  examined  ;  starch 
be  converted  into  dextrin  and  into  sugar ;  malt  extract  be 
examined  for  diastase ;  trinitrocellulin  be  made  ;  acetic  alde- 
hyde be  fully  examined  and  aldehyde-ammonia  be  prepared ; 
lactic  acid  be  made ;  benzoic  and  salicylic  acids  and  alde- 
hydes be  obtained  ;  natural  urea  be  extracted  and  artificial 
urea  be  made ;  the  glucosides  be  examined ;  and  one  or  two 
artificial  alkaloids  be  prepared ;  etc.  Melting-points  and 
boiling-points  of  pure  substances  should  be  taken  ;  and  frac- 
tional distillation  should  be  applied  either  to  acetic  acid  with 
a  view  to  separate  glacial  acid  on  the  one  hand  from  water  or 
weak  aqueous  acid  on  the  other,  to  mixed  alcohol  and  water 
with  the  object  of  attempting  their  re-separation  as  far  as 
possible,  or  to  some  such  mixture.  Especially  must  the  opera- 
tions of  quantitative  analysis  of  organic  compounds,  in  due 
time,  be  fully  and  thoroughly  performed. 

Other  Students. — Students  who  have  no  occasion  to  appor- 
tion their  periods  of  study  in  the  manner  contemplated  in 
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the  previous  paragraphs  are  recommended  to  go  through  the 
succeeding  sections  as  they  have  gone  through  the  foregoing, 
namely,  page  by  page. 

Note. — Students  will  find  that  in  working  at  organic  chem- 
istry so-called,  they  are  not  departing  from  the  method  of 
study  hitherto  pursued.  Hitherto  they  have  concentrated 
attention  on  the  chief  elements,  one  at  a  time ;  they  are  now 
about  to  investigate  the  compounds  of  another  of  those  ele- 
ments, that  is  all.  But  it  is  an  element  having  a  greater 
range  of  combining  powers  than  any  yet  examined.  Organic 
chemistry  is  the  chemistry  of  the  element  carbon. 


ORGANIC  CHEMISTRY ;  * 

OE 

THE    CHEMISTRY   OE   CARBON  COMPOUNDS. 


Introduction. 

Except  alcohol  and  a  few  acids,  the  large  number  of  com- 
pounds which  have  hitherto  engaged  notice  in  this  Manual 
have  been  of  mineral  origin.    But  the  two  other  kingdoms  of 
Nature,  the  animal  and  vegetable,  furnish  still  larger  num- 
bers of  definite  substances.    These  latter  compounds,  indeed, 
when  discovered,  were  producible  only  by  organized  living 
structures,  hence  were  termed,  more  than  200  years  ago, 
organic  (from  opyavov,  organon,  an  organ),  and  their  study 
was  termed  organic  chemistry.    A  very  large  number  of 
organic  compounds  can  now,  however,  be  obtained  artificially 
— without  the  aid  of  a  living  organism ;  hence  the  particular 
distinction  formerly  drawn  between  organic  and  inorganic 
compounds,  "  organic  "  and  "  inorganic  "  chemistry,  no  longer 
fully  obtains.    Another  definition,  or  additional  definition  of 
organic  chemistry,  or  the  chemistry  of  animate  nature,  the 
laws  of  which  do  not  differ  from  those  of  inanimate  nature, 
is  now  generally  adopted,  namely,  the  chemistry  of  carbon 
compounds.    No  doubt  two  or  three  kinds  of  compounds  of 
carbon — carbonic  acid  gas  and  carbonates,  for  example — 
are  met  with  in  the  mineral  kingdom,  and  are  therefore 
inorganic   compounds  ;    but  they  are    met  with  in  the 
organic  kingdoms  too,  and  therefore  are  organic  compounds 
also. 

Practically,  all  carbon  compounds  are  organic  compounds, 
and  all  of  the  so-called  organic  compounds  are  carbon  com- 
pounds, hence  the  old  term,  organic  chemistry,  no  longer 
being  etymologically  and  fully  applicable,  that  of  the  chem- 
istry of  the  carbon  compounds  seems  natural  as  well  as  useful. 

*  Read  the  two  previous  pages  of  Advice  to  Students. 
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Moreover,  the  carbon  atoms  possess  in  an  altogether  excep- 
tional degree  a  property  either  not  possessed  or  only  to  a 
much  slighter  extent  possessed  by  those  of  other  elements, 
namely,  the  property  of  combining  with  one  another,  and 
forming  a  sort  of  chain,  to  every  link  of  which  atoms  of 
other  elements  can  be  attached,  the  result  being  obviously 
molecules  of  almost  infinite  variety  and  complexity ;  a  fact 
which  alone  suffices  to  secure  for  carbon  special  and  separate 
consideration  by  chemists.  In  short,  the  chemistry  of  the 
carbon  compounds  includes  what  was  formerly  as  well  as 
what  is  now  known  as  organic  chemistry  ;  or,  in  other  words, 
the  chemistry  of  organized  or  animate  nature  is  included  in 
the  chemistry  of  the  carbon  compounds.  Of  course,  so  old 
and  historically  interesting  a  term  as  organic  chemistry  will 
continue  to  be  used  :  and  there  is  no  objection  to  such  use, 
provided  students  remember  that  when  the  term  is  used 
as  the  equivalent  of  the  chemistry  of  the  carbon  compounds, 
it  is  only  conventionally  and  not  etynio logically  accurate. 
Moreover,  the  chemistry  of  a  carbon  compound  includes  the 
chemistry  of  every  element  in  that  compound  and  the  chem- 
istry of  the  compound  as  a  whole,  facts  which  obtain  even 
more  prominence  if  the  chemistry  be  spoken  of  by  a  general 
word  such  as  organic,  rather  than  by  the  specific  word  carbon. 
Indeed,  those  organic  compounds  which  contain  nitrogen  seem 
to  be  conditioned  as  much  by  their  nitrogen  as  their  carbon. 
So  that,  the  word  organic,  having  now  in  chemistry  lost  its 
original  specific  signification,  and  having  acquired  the  general 
signification  described,  it  becomes,  by  its  associations,  perhaps 
the  best  word  that  can  be  chosen  as  the  title  of  the  great 
division  of  chemistry  now  under  consideration. 

Composition  of  Organic  Compounds. 

(a)  Qualitative  Composition. — The  presence  of  carbon  in  a 
compound  is  at  once  shown  if  the  compound  blackens  when 
a  little  is  heated  on  a  knife  or  platinum  foil  in  a  flame.  If 
the  substance  is  heated  in  a  dry,  narrow  test-tube,  and  much 
moisture  is  condensed  on  the  upper  cool  part  of  the  tube,  the 
presence  of  hydrogen  and  oxygen  are  reasonably  inferred. 
Nitrogen  may  be  detected  by  the  odour  of  ammonia  emitted 
on  strongly  heating  the  substance  with  a  dry  mixture  of  soda 
and  lime ;  or  it  may  be  sought  by  carefully  but  strongly 
heating  in  a  test-tube  a  small  portion  of  the  substance  with  a 
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very  small  piece  of  sodium,  and,  after  all  action  ceases,'  digest- 
ing the  residue  in  water,  filtering,  and  adding  to  the  filtrate 
a  ferrous  salt,  a  ferric  salt,  and  hydrochloric  acid  ;  a  precipi- 
tate of  Prussian  blue  indicates  nitrogen.  Chlorine,  bromine, 
iodine,  sulphur,  and  phosphorus  may  be  detected  by  heating 
the  substance  with  nitric  acid  and  nitrate  of  silver  in  a  very 
carefully  and  strongly  sealed  tube  (in  a  fume-chamber,  with 
such  precautions  that  if  the  tube  burst  no  harm  to  the  opera- 
tor shall  ensue),  and  testing  the  product  for  chlorides,  bro- 
mides, iodides,  sulphates,  and  phosphates,  by  methods  already 
described. 

(6)  Quantitative  Composition. — The  qualitative  composi- 
tion of  an  organic  substance  being  ascertained,  the  quantities 
of  each  element  are  then  determined  by  methods  which  the 
student  will  practise  when  he  is  sufficiently  advanced  to 
work  at  the  sections  on  quantitative  analysis.  The  principles 
of  the  methods,  are,  however,  simple,  and  may  at  once  be 
described.  For  the  quantitative  estimation  of  carbon  and 
hydrogen,  a  carefully  weighed  portion  of  the  substance  is 
completely  burned ;  the  products,  which  are,  of  course,  car- 
bonic acid  gas  and  water,  are  collected  and  accurately 
weighed.  Of  every  44  parts  of  the  carbonic  acid  gas 
(C02  =  44),  12  will  be  carbon,  and  of  every  18  parts  of  the 
water  (H20  =  18),  2  will  be  hydrogen ;  in  other  words,  three- 
elevenths  of  the  weight  of  carbonic  acid  gas  obtained  will  be 
the  carbon  of  the  original  substance,  while  one-ninth  of  the 
water  obtained  will  be  the  hydrogen  of  the  original  sub- 
stance. If  nitrogen  be  present,  another  weighed  portion  of 
the  substance  is  so  burned  as  to  yield  all  its  nitrogen  as  gas 
which  is  carefully  collected  and  measured,  or  it  is  heated  with 
a  mixture  of  soda  and  lime,  when  the  nitrogen  takes  up 
hydrogen  and  becomes  ammonia,  which  is  collected  and 
accurately  estimated;  of  every  17  parts  of  ammonia  (NH3  = 
17),  14  will  be  nitrogen.  The  amounts  of  chlorine,  sulphur, 
etc.,  elements  not  often  present,  are  obtained  by  subjecting 
carefully  weighed  portions  of  the  original  substance  to  the 
nitric  treatment  already  alluded  to,  collecting  and  weighing 
the  products,  and  calculating  what  proportions  of  the  pro- 
ducts are  chlorine,  sulphur,  etc.  The  amount  of  oxygen  is 
ascertained  by  difference,  that  is  to  say,  the  difference 
between  the  sum  of  the  weights  of  carbon,  hydrogen,  nitro- 
gen, etc.,  and  the  original  weight  of  substance  will  be  the 
weight  of  the  oxygen  in  that  original  weight  of  substance. 
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For  example,  a  fluid  having  well-marked  definite  pro- 
perties, and  known  to  contain  only  carbon,  hydrogen,  and 
oxygen,  is  so  burned  .that  03  of  a  gramme  *  of  it  yields 
05738  of  a  gramme  of  carbonic  acid  gas,  and  0*3521  of 
water.  As  three-elevenths  of  the  carbonic  acid  gas  is 
carbon,  and  one-ninth  of  the  water  is  hydrogen,  it  follows 
that  the  03  of  substance  contains  01565  of  carbon  and 
0-0391  of  hydrogen  ;  and  the  difference  between  these  two 
figures  and  03  being  0-1044,  it  follows  that  0*1044  is  the 
amount  of  oxygen  in  the  0-3  of  original  substance.  For, 
0-5738  x  3  -r  11  =  0-1565;  and  0-3521  *  9  =  0-0391 ;  0-3- 
(0-1565  +  0-0391)  =  0-1044. 

(c)  Centesimal  Composition. — It  is  usual  to  make  at  least 
two  such  analyses  of  any  organic  compound ;  and  as  different 
weights  of  the  original  substance  will  almost  necessarily  be 
subjected  to  combustion  (for  it  is  easier  to  counterpoise  by 
weights  a  selected  qtiantity  than  it  is  to  counterpoise  with 
the  substance  any  selected  weights),  the  results  of  the  com- 
bustions can  best  be  compared  by  converting  the  numbers 
first  obtained  into  percentages  ;  that  is  to  say,  by  assuming 
in,  for  instance,  the  present  case,  that  not  0-3  parts  of  sub- 
stance were  operated  on,  but  100  parts.  This  is  one  of  the 
simplest  of  arithmetical  operations.  If  0-3  of  substance 
yields  0-1565  of  carbon,  100  of  substance  will  yield  52- 17  of 
carbon.  If  0-3  of  substance  yields  0-0391  of  hydrogen,  100 
of  substance  will  yield  13-03  of  hydrogen.  And  if  0-3  of 
substance  yields  0-1044  of  oxygen,  100  of  substance  will  yield 
34-80  of  oxygen. 

(d)  Chemically  Empirical  Composition.— But  the  chemist 
further  desires  to  know,  not  so  much  what  percentages  or 
ordinary  unit-weights  of  elements  are  contained  in  the  com- 
pound, but  what  relative  number  of  chemical  unit-weights 
or  atomic  weights  are  present ;  how  many  parts  of  cai-bou 
each  weighing  twelve,  how  many  parts  of  hydrogen  each 
weighing  one,  how  many  parts  of  oxygen  each  weighing 
sixteen,  how  many  parts  of  nitrogen  each  weighing  fourteen, 
etc.  This  too  is  one  of  the  simplest  of  arithmetical  opera- 
tions. Divide  the  percentage  of  carbon  by  12,  of  hydrogen 
by  1,  of  oxygen  by  16,  of  nitrogen  by  14,  etc.  Thus,  in  the 
present  case  :— 52-17 -;- 12  =  4-347  atomic  weights  of  carbon; 

*  If  the  reader  is  not  already  familiar  with  the  metric  system  of 
weights  and  measures,  he  is  referred  to  the  section  on  that  subject  in 
the  latter  part  of  the  Manual.— (Tide  Index,  "  Metric  System.") 
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13-03  4- 1  =  13-03  atomic  weights  of  hydrogen  ;  and  34-80  4- 16 
=  2-171  atomic  weights  of  oxygen.  Keducing  these  three 
fractional  numbers  of  atomic  weights  to  the  lowest  whole 
numbers  (by  assuming  that  the  lowest  of  the  three  will 
represent  1  atomic  weight— that  is,  by  dividing  the  two 
higher  of  the  three  by  the  lowest),  we  find  that  the  com- 
pound is  composed  of  2  atomic  weights  of  carbon,  6  of  hydro- 
gen, and  1  of  oxygen,  thus :— 4-347 4-2-171  =  2  of  carbon; 
13-034-2-171  =  6  of  hydrogen;  2-1714-2-171  =  1  of  oxygen. 
The  result  is  that  of  proportions  of  carbon  each  weighing  12, 
the  substance  contains  2 ;  of  proportions  of  hydrogen  each 
weighing  1,  the  compound  contains  6  ;  and  of  proportions  of 
oxygen  each  weighing  16,  the  compound  contains  1.  Finally, 
instead  of  the  words  "proportion  of  carbon  weighing  12," 
the  simple  capital  letter  C  may  be  used,  which,  as  the  reader 
now  well  knows,  is  not  only  the  shorthand  or  symbol  for  the 
word  carbon,  but  stands  for  12  parts  of  carbon.  Similarly  H 
may  stand  for  1  part  of  hydrogen,  and  0  for  16  parts  of 
oxygen ;  whence  we  arrive  at  C3H60  as  the  simplest  chemi- 
cally empirical  expression,  or  empirical  formula,  of  the 
substance  under  consideration. 

(e)  Chemically  Rational  Composition.— From  the  empirical 
formula  of  a  substance  we  pass  to  a  two-volume  formula  ; 
that  is  to  say,  in  accordance  with  the  practice  of  chemists, 
the  formula  must,  if  possible,  represent  two  volumes  of  the 
substance  when  in  the  state  of  vapour  (see  pp.  54_  and  58). 
Two  parts  of  hydrogen  gas,  or  seventeen  of  ammonia  gas,  or 
eighteen  similar  parts  of  water  vapour,  or  forty-four  of 
carbonic  acid  gas,  or  thirty-six  and  a  half  parts  of  hydro- 
chloric acid  gas,  etc.,  occupy,  if  all  are  at  the  same  tempera- 
ture and  under  the  same  pressure,  the  same  volume  ;  whence 
we  derive  the  formulae  H2,  NH3,  H20,  HC1,  and  C02  as 
formulae  comparable  with  each  other.    If  now  the  vessel 
which  held  these  quantities  of  the  respective  substances  be 
filled  with  the  vapour  of  the  substance  supposed  to  be  under 
examination  at  the  same  temperature  and  pressure,  and  the 
vessel  and  contents  be  weighed,  the  contents  will  be  found 
to  weigh  46  similar  parts.    C3HfiO  will  be  found,  on  adding 
up  the  atomic  weights,  to  represent  46  parts  by  weight. 
Therefore  C.2HsO  is  the  two-volume  formula  as  well  as  the 
empirical  formula,  and  thus  the  first  step  has  been  taken 
from  the  formula  chiefly  obtained  by  chemical  art,  an  em- 
pirical formula,  towards  one  largely  obtained  by,  and  that 
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satisfies,  the  reason— a  rational  formula  or  structural  or 
constitutional  formula.  Had  the  weight  been  found  to  be 
92,  the  two-volume  formula  would  have  been  C4H1202.  The 
actual  method  of  taking  these  weights  of  equal  volumes  of 
gases  and  vapours  (specific  gravity  and  vapour-density)  will 
be  described  in  the  paragraphs  on  quantitative  analysis. 

(/)  Molecular  Composition. — Equal  volumes  of  gases  and 
vapours  being  similarly  affected  by  temperature  and  pres- 
sure must  be  similarly  constituted  (Avogadro  and  Ampere's 
conclusion,  pages  52  and  B3).  Whatever  the  number  of 
molecules  in  such  equal  volumes  may  be,  it  must  be  the  same 
in  each.  Therefore  the  weights  of  equal  bulks  of  gases  and 
vapours  under  like  conditions  represent  the  relative  weights 
of  the  respective  molecules.  Hence  2,  17,  18,  44,  and  36*5 
respectively  represent  the  weight  of  one  molecule  of  each  of 
the  substances  lrydrogen,  ammouia  gas,  water  vapour,  car- 
bonic acid  gas,  and  hydrochloric  acid  gas  ;  and  46  represents 
the  molecular  weight  of  the  substance  under  consideration. 
Cc,H60  therefore  represents  the  composition  of  a  molecule  of 
the  substance.  C2H60  is  the  molecular  formula  of  the  sub- 
stance.   (The  substance  is  common  alcohol.) 

Acetic  acid  will  serve  as  another  simple  illustration. 
Analysis  and  arithmetic  yield  the  formula  CH-,0.  But 
metals  only  displace  one-fourth  of  the  hydrogen  in  an}'  given 
weight  of  acetic  acid.  That  fact  cannot  be  shown  by  the 
formula  CH20,  but  it  can  by  the  doubled  formula  C2H402. 
This  chemical  evidence  that  the  latter  formula  is,  so  far, 
correct,  is  supported  by  the  physical  evidence  of  vapour- 
density  as  interpreted  in  the  previous  paragraph.  See  also 
"  Vapour-density,"  and  "  Eaoult's  Experiments  "  in  Index. 

Check  on  Composition. — If  the  formula  found  is,  even  so 
far,  the  true  formula  of  the  substance,  the  centesimal  com- 
position found  by  experiment  ought  to  be  practically  the 
same — the  same  within  the  limits  of  experimental  error — as 
the  centesimal  composition  obtained  by  calculation  from  the 
formula,  thus : — 


C2  =  24 
Hu=  0 
0   =  10 


Calculated 


52-174 
13  043 
34-783 


Fouud 
52-170 
13-030 
34-800 


16 


100-000 


100-000 
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From  composition  we  now  pass  to  constitution.  What  we 
know  of  the  composition  of  a  substance  is  reflected  in  its 
empirical  formula.  A  step  in  advance  is  recorded  in  the 
molecular  formula.  What  is  afterwards  learnt  about  con- 
stitution is  exhibited  in  the  structural  formula.  If  the 
letters  in  a  formula,  for  instance  C2H60,  be  regarded  only  as 
representing  fixed  weights,  the  formula  expresses  only  facts ; 
but  we  also  regard  the  letters  as  representing  atoms  (Dalton's 
theory) ;  and  the  whole  formula  as  representing  a  molecule 
(Avogad'ro's  theory) ;  while  in  attempting  structural  formulae 
we  further  depend  on  the  idea  of  the  valency  of  atoms.  To 
this  subject  of  structure  or  constitution  we  now  pass. 


Constitution  of  Organic  Compounds. 

In  the  molecule  of  an  organic  compound,  how  are  the 
atoms  arranged?  This  is  perhaps  the  greatest  problem  the 
chemist  has  to  solve.  Like  the  toy-puzzles  of  our  youth, 
these  chemical  puzzles  have  to  be  attacked  analytically  and 
synthetically.  How  to  separate  into  its  constituent  bars  of 
wood  that  apparently  solid  cube  given  to  us  by  a  friend  in 
old  days,  was  not  an  uncongenial  task;  but,  once  accom- 
plished, how  to  put  these  bars  together  again  was  a  still 
more  fascinating  if  more  difficult  labour.  How  to  separate 
the  groups  of  atoms  or  radicals  in  molecules  of  chemical  sub- 
stances, or  at  least  how  to  find  out  the  positions  of  those 
groups  in  a  molecule,  is  a  most  difficult  yet  fascinating  task 
for  the  skilled  enthusiast  in  chemistry ;  and  how  to  so 
marshal  those  groups  (drawn  perhaps  from  several  different 
sources,  and  visible  and  tangible  only  in  a  state  of  combina- 
tion and  in  mass)  that  he  shall  produce  by  art  the  compound 
originally  only  furnished  by  Nature,  is  still  more  difficult 
but  also  more  fascinating.  More  fascinating  firstly,  because 
it  will  furnish  proof  that  his  synthetical  work  was  sound  ; 
secondly,  because  by  artificially  and  perhaps  cheaply  pro- 
ducing a  rare  colour,  a  rare  perfume,  a  rare  flavour,  or  a 
previously  costly  medicine,  he  may  become  a  benefactor  to 
his  fellow-man ;  and  thirdly,  because  he  may  gain  the 
honour  of  unveiling  for  all  time  one  more  of  the  truths  of 
Nature. 

In  practically  attacking  the  problem  of  the  constitution 
of  a  compound,  the  chemist  proceeds  to  note  whether  the 
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substance  is  acid,  alkaline,  or  neutral ;  to  act  on  it  with  a 
base  of  known. constitution  if  it  is  an  acid,  or  with  an  acid 
of  known  constitution  if  it  is  a  base,  and  to  analyse  the  pro- 
duced salts  ;  to  oxidize  it ;  to  deoxidize  it ;  to  chlorinize  it ; 
to  remove  or  add  hydroxyl  (HO),  carbonyl  (CO),  etc. ;  to 
substitute  hydrogen  by  a  compound  radical,  and  vice  versd  ; 
to  heat  it;  to  electrolyse  it;  and,  generally,  to  perform 
many  such  operations,  in  the  hope  that  the  lines  of  chemical 
cleavage  in  the  molecule  will  be  detected,  the  essential  group- 
ings of  atoms  in  the  molecule  be  discovered,  and  even  the 
positions  of  atoms  or  groups  of  atoms  in  relation  to  each 
other  be  reasonably  inferred.  Briefly,  similarity  in  pro- 
perties implies  similarity  in  constitution  or  structure.  Per 
contra,  similarity  in  structure  being  reasonably  implied, 
reference  to  properties  shows  whether  or  not  the  reason  is  on 
the  right  track  towards  truth  in  the  matter  of  constitution 
or  structure,  the  advance  towards  error  being  prevented  and 
towards  truth  being  maintained  whatever  be  the  result  of  the 
reference,  new  truths  not  infrequently  being  unveiled.  Thus, 
by  the  way,  in  chemistry,  do  fact  and  theory  ever  discharge 
their  obligations  to  each  other. 

For  example,  urea,  which  was  the  first  organic  body  pro- 
duced artificially,  was  obtained  by  Wohler  in  1828  on  heat- 
ing solution  of  cyanate  of  ammonium ;  H4NCNO  became 
OC(NH2)2,  the  mere  change  in  the  position  of  the  con- 
stituent atoms,  that  is,  in  the  structure  of  the  molecules 
(indicated  roughly,  but  to  the  best  of  our  judgment,  by 
the  change  in  the  relative  position  of  the  letters  in  the  two 
formulae  just  given)  accounting  for  the  differences  in  the 
properties  of  the  two  substances— just  as  the  differences  in 
the  relative  position  of  a  given  number  of  stone  blocks  which 
at  first  were  put  together  to  form  a  bridge,  but  afterwards 
were  put  together  to  form  a  house,  that  is,  the  differences  in 
the  structure  of  the  edifices,  account  for  the  differences  in 
their  properties. 

Notation  of  Organic  Compounds. 

In  order  that  we  may  convey  to  one  another  our  con- 
clusions respecting  the  constitution  of  organic  compounds, 
notation  has  to  be  carried  somewhat  farther  in  organic  than 
has  already  been  shown  to  be  necessary  in  inorganic  che- 
mistry (see  pages  36  and  42).    The  relative  position  of  atoms 
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and  groups  of  atoms  in  a  molecule  may  be  indicated  by 
placing  the  symbolic  letters  above  or  beneath  one  another  as 
well  as  on  one  line,  and  the  quantivalence  of  atoms,  as  well 
as  the  directions  in  which  we  conclude  they  are  joined  in  the 
molecule,  may  be  indicated  by  lines  ( —  =  or  =)  or  dots 
( . : :  )  either  completely  or  only  partially  employed  through- 
out' the  formula ;  each  dot,  and,  especially,  each  line  or 
"-bond,"  or  "  link "  representing  such  union  between  two 
neighbouring  atoms  or  radicals  as  would  be  represented  by 
the  extended  arms  of  two  persons  shaking  hands.  For  in- 
stance the  statement  just  made  that  cyanate  of  ammonium 
(H4NCNO)  becomes  urea  [empirically  CH4NsO,  or  rationally 
OC(NHo)2]  might  be  represented  by  either  of  the  following 
forms  of  equation  : — 

N=H2 

Ht=N— C=N=0  becomes  0=C<^|| 

N=H2  . 
N  :  H2 

H,  •  N  •  C  :  N  :  0  becomes  0  :  C  :  •• 

N  :  H2 

Here,  bars,  in  the  first  equation,  and  dots  in  the  second, 
show  not  only  the  quantivalence,  but  especially  the  dis- 
tribution of  the  chemical  affinity  expressed  by  the  quantiva- 
lence of  each  atom.  Thus  the  first  four  bars  or  dots  not  only 
indicate  the  univalence  of  each  of  the  four  hydrogen  atoms 
on  the  one  hand,  and  four-fifths  of  the  quantivalence  of  the 
first  nitrogen  atom  on  the  other  hand,  the  next  bar  or  dot 
showing  the  remaining  fifth,  but  the  five  bars  or  dots  also 
indicate  that  of  the  total  affinity  of  the  nitrogen  atom,  four- 
fifths  are  engaged  with  a  corresponding  amount  of  attraction 
offered  by  four  univalent  hydrogen  atoms,  while  the  other 
fifth  is  engaged  with  one-fourth  of  the  total  attraction  of  the 
adjacent  carbon  atom.  And  so  on  with  the  quadrivalence  of 
the  carbon  atom,  the  quinquivalence  of  the  second  nitrogen 
atom,  and  the  bivalence  of  the  oxygen  atom. 

But  it  is  unnecessary,  indeed  undesirable,  thus  to  indicate 
the  quantivalence  of  each  atom  in  a  molecule,  the  closeness 
of  union  of  groups  of  atoms  (radicals)  within  a  molecule 
being  best  indicated  by  putting  the  symbolic  letters  in  a 
formula  as  close  together  as  written  characters  or  printer  s 
types  will  allow  ;  moreover  an  atom,  such  as  that  of  nitrogen, 
may  often  pass  from  one  degree  of  activity  to  another  during 
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a  reaction.  The  following,  therefore,  are  better  arrange- 
ments : — 

.NH, 

H4N— CNO  becomes  0=C<NH2 
H4N  •  CNO  becomes  0  :  C  :  (NH2)22. 

Indeed,  after  a  time  the  chemical  student  will  find  that 
his  own  imagination  will  often  best  supply  that  which  is 
intended  to  be  indicated  by  the  lines  or  dots  in  the  formulae 
of  organic  compounds,  actual  lines  or  dots  only  being  em- 
ployed where  their  use  tends  to  promote  clearness  in  a 
formula.  For  printed  lines  look  like  bars,  and  these,  and 
even  dots,  are  liable  to  suggest  separation,  whereas  in 
a  chemical  formula  they  should  suggest  the  union  of  the 
atoms  and  radicals  in  the  molecule  of  which  the  formula  is  the 
crude  picture.  While  suggesting  links  and  bonds,  however, 
and  the  affinity  (quantivalence  or  valency)  of  the  atoms, 
they  must  be  regarded  as  indicating  lines  of  force  rather 
than  anything  more  substantial.  Again,  symbols  and  for- 
mulae, written  or  printed,  are  necessarily  exhibited  on  sur- 
faces, whereas  the  conception  of  a  molecule  should  be  that 
of  a  sphere — that  of  grapes  on  a  bunch,  or  apples  on  a  tree, 
rather  than  bajls  on  a  billiard  table  ;  or,  still  better,  that  of 
moons  round  a  planet  and  planets  round  a  sun,  all  kept  in 
their  places  by  force  rather  than  by  anything  material  ;  our 
conceptions  should  be  stereochemical,  should  be  stereoscopic 
pictures  rather  than  pictures  of  objects  on  a  plane  surface 
without  perspective.    (See  also  p.  469.) 

Finally,  bars,  dots,  or  what  not,  must  only  be  placed  in 
a  formula  where  actual  experiment  warrants,  unless  the 
statement  is  distinctly  made  or  understood  that  the  sug- 
gested formula  is  only  hypothetical.  The  use  of  such  appa- 
rently highly  complicated  graphic  rational  formula  or 
constitutional  or  structural  formula-  as,  for  example,  the 
following  formula  for  uric  acid,  is  fully  justified  by  a  series 
of  well-defined  experiments  : — 

HN— CO 


CO  C-NH 

^>CO 
HN— C-NH 


Here,  not  only  is  the  univalence  of  each  of  the  hydrogen 
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atoms,  the  bivalence  of  oxygen  atoms,  the  trivalent  cha- 
racter of  each  of  the  nitrogen  atoms,  and  the  quadrivalent 
nature  of  each  carbon  atom  shown,  either  directly  by  bars 
attached  to  the  symbols  or  suggestively  by  the  position  of  a 
symbol  of  recognised  quantivalence  next  to  another  symbol 
of  recognised  quantivalence,  but  the  positions  which  experi- 
ment warrants  us  in  believing  that  the  radicals  occupy  within 
the  molecule  are  indicated  in  the  formula  by  the  position  of 
the  symbols  for  those  radicals  (HN,  imidogen  ;  CO,  carbonyl) 
near  central  atoms  of  carbon. 

To  the  student  the  great  advantage  of  extended  formulae, 
whether  ordinary  or  graphic,  consists  in  the  relationships 
which  they  clearly  exhibit  between  compounds  which  other- 
wise are  not  readily  shown  to  be  related  to  one  another. 
The  constitution  or  structure,  so  far  as  can  at  present  be 
inferred,  of  chemical  compounds  of  interest  to  the  medical 
or  pharmaceutical  student,  will  be  found  to  be  given,  when 
desirable,  in  this  Manual.  Students  who  desire  to  pursue  the 
subject  more  fully  must  seek  other  guides. 

The  structural  formulae  characteristic  of  modern  chemistry 
may  be  regarded  as  pictures  of  our  idea  of  architecture  in 
Nature's  molecules.  The  first  sketches  are  seen  in  such 
formulae  as  HC2H302.  Among  the  earlier  mid-century 
artists  were  Gerhardt,  Williamson,  Frankland,  and  especially 
from  1858  onwards,  Kekule. 

Caution, —  Our  conception  of  the  structure  or  constitution 
of  masses  or  moles  of  matter,  or  of  particles  or  molecules, 
or  of  the  atoms  of  which  we  conceive  molecules  are  composed, 
or  of  the  valency  of  those  atoms,  are  nothing  more  than  con- 
ceptions. All  varieties  of  chemical  formulas  are  but  concrete 
reflections  or  pictures  of  those  conceptions.  Why  do  we 
make  those  conceptions,  and  why  do  we  thus  picture  those 
conceptions  ?  We  make  them  because,  firstly,  the  enormous 
number  of  facts  that  chemistry  unfolds  creates,  in  the  healthy 
human  mind,  a  demand  for  classification  ;  and,  secondly,  be- 
cause the  healthy  human  mind  instinctively  demands  the 
reason  xohy  facts  are  as  they  are.  And  why  do  we  adopt  the 
existing  chemical  formulas  as  concrete  reflections  of  our 
abstract  ideas  ?  Because,  firstly,  intercommunication  between 
minds  can  only  be  accomplished  satisfactorily  either  by 
human  utterances  or  by  those  written  or  printed  equivalents, 
or  signs,  or  symbols,  of  speech  termed  letters,  etc.  (singly  or 
combined  to  form  words,  etc.) ;  and,  secondly,  because,  as 
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regards  any  one  mind,  the  desire  to  avoid  utter  mental  con- 
fusion demands  the  adoption  of  some  method  of  concretely 
ticketing  and  labelling  our  ideas  so  that  we  can  set  them  aside 
or  take  them  up  at  a  moment's  notice  ;  and  no  better  method 
than  that  offered  by  letters  and  similar  signs  has  yet  been 
devised,  whether  for  the  concrete  expression  of  one's  own 
thoughts  for  one's  self,  or  for  written  or  printed  intercommu- 
nication beween  mind  and  mind.  In  chemistry,  however,  we 
take  care  to  use  formulae,  letters,  or  symbols  (dots,  bars, 
brackets,  or  what  not),  only  to  represent  our  conceptions  re- 
specting real  facts — except  when  we  designedly,  openly  and 
temporarily  use  them  as  a  mode  of  giving  rein  to  the  imagi- 
nation, hoping  thereby  to  be  led  to  inferences  which  experi- 
ments shall  prove  to  be  new  facts. 


From  the  consideration  of  the  composition  and  constitution 
of  organic  compounds  we  now  pass  to  the  subject  of  classifi- 
cation. 


HYDROCARBONS:  NEUTRAL  OR  NORMAL,  AND 

BASYLOUS. 

Neutral  or  normal  hydrocarbons. — The  simplest  compounds 
of  carbon  are  those  with  hydrogen  ;  and  as  the  atom  of  carbon 
is  quadrivalent  and  the  atom  of  hydrogen  univalent,  it  fol- 
lows that  if  a  single  atom  of  carbon  be  fully  saturated  with 
hydrogen,  the  formula  of  the  resulting  molecule  must  be  CH4. 
But  carbon  is  of  all  elements  that  which  is  peculiarly  and 
specially  liable  to  unite  with  itself  (as  magnets  attract  each 
other),  so  far  at  all  events  as  a  portion  of  the  _  attractive 
power  of  its  atom  is  concerned,  the  other  portions  of  its 
power  attracting  and  being  attracted  by  other  atoms ;  the 
result  being,  possibly,  molecules  of  great  complexity.  The 
following  graphic  formulae  will  illustrate  this  point  :— 
H  HH  HHH  HHHH 

H-C-H    H-C-C-H      H-C-C-C-H  H-C-C-C-C-H 
I  II  III  I     I     I  I 

H  HH  HHH  HHHH 

These  formulae  represent  well-known  hydrocarbons,  the  first 
being  common  marsh  gas,  or  methane,  one  molecule  of  which 
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is  otherwise  represented  by  the  shorter  formula,  CH4  ;  the 
next  represents  ethane,  C2H6 ;  the  third,  propane,  C3H8 ; 
while  C4H10  is  the  formula  of  butane  or  tetrane.  The  first 
three  members  of  the  series  are  gases,  those  which  im- 
mediately follow  are  liquids,  C5H12,  C6H14,  etc. ;  while  the 
highest  members  are  solids,  several  of  which  form  the  mix- 
ture of  hydrocarbons  known  as  common  paraffin  ;  indeed  the 
whole  series  are  distinguished  as  the  paraffin  series  of  hydro- 
carbons. It  will  be  observed  that  the  four  units  of  affinity  of 
the  carbon  atom  are,  in  the  molecule  of  each  substance,  fully 
saturated  either  by  the  affinities  of  adjacent  hydrogen  atoms, 
or  by  that  of  another  carbon  atom.  The  substances  are  illus- 
trations of  saturated  hydrocarbons  (neutral  or  normal  hydro- 
carbon). They  differ  in  composition  by  CH2;  add  CH2  to 
the  first,  and  you  obtain  the  second  ;  add  CH2  to  the  second, 
and  you  obtain  the  third  ;  and  so  on.  The  members  of  this 
series  resemble  each  other  in  containing  to  a  given  number 
of  carbon  atoms  twice  that  number,  with  two  added,  of 
hydrogen  atoms.  Eepresenting  "  any  number  "  by  the  letter 
n,  the  general  formula  for  members  of  this  neutral  series 
of  hydrocarbons  will  be  CnII2n+2.  Like  neutral  inorganic 
salts,  their  elements  have  saturated  each  other's  affinities ; 
hence  the  molecules  refuse  further  to  unite  by  direct  or 
indirect  addition  with  atoms  having  attractive  powers.  Po- 
tassium is  powerfully  basylous,  chlorine  powerfully  acidulous, 
each  has  great  affinity  for  the  other  ;  but  the  product,  chlor- 
ide of  potassium,  KC1,  is  comparatively  neutral  or  normal  ; 
saturated  hydrocarbons  are  in  the  same  case,  for  they  do  not 
unite  with  any  other  substances. 

Basylous  hydrocarbons. — Many  hydrocarbon  groups,  such 
as  "  methyl,"  CH3,  and  "  ethyl,"  C2Hg,  apparently  have  strong 
basylous  affinities;  because,  in  compounds,  they  appear  to 
play  the  part  which  in  inorganic  compounds  is  performed 
by  those  basylous  metals,  etc.  (K,  Fe,  NH4,  e.g.)  which  are 
commonly  called  inorganic  radicals.  Indeed,  such  hydro- 
carbon groups  are  often  termed  organic  radicals,  and  to  hold 
the  theory  that  they  exist  is  convenient ;  but  any  attempt 
to  isolate  them  results  in  the  production  of  neutral  hydro- 
carbons, C2H6,  C4H10,  etc. 

Some  hydrocarbons,  however,  which  can  quite  easily  be 
isolated,  are  basylous,  such  as  ethylene,  C2H4,  and  other 
bivalent  radicals  having  the  general  formula  CUH2„ ;  and 
acetylene,  C2H2,  and  other  quadrivalent  radicals  having  the 
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general  formula  OnH2n_2.  Such  radicals  are  sometimes 
termed  unsaturated  hydrocarbons : — 

H—  C-H       H — C — C — H       H— C-C— H 

I  II  II 

H  H  H 

Methyl?  Ethylene?  Acetylene? 

their  compounds  with,  for  example,  bromine,  being  thus 
formulated : — 

Br  Br  Br  Br  Br 

I  II  II 

H— C— H         H — C — C — H        H— C-C— H 

I  II  II 

H  H  H  Br  Br 

But  the  first  is  probably  methane  in  which  one  atom  of 
hydrogen  is  substituted  by  one  of  bromine,  other  salts  con- 
taining the  supposed  non-isolable  radicals  being  normal 
hydrocarbons  in  which  atoms  of  hydrogen  are  substituted 
by  atoms  of  acidulous  elements  or  acidulous  radicals,  the 
residual  hydrocarbon  being  the  so-called  basylous  radical. 
And  as  regards  the  basylous  hydrocarbons  which  can  be 
isolated,  they  too  probably  are  neutral  hydrocarbons  in 
which  the  carbon  atoms  are  united  to  the  extent  of  half  or 
even  three-fourths  of  their  affinities,  thus  : — 

H— C=C— H  H — C=C — H 

H    H  Acetylene. 
Ethylene. 

Bring  bromine  into  contact  with  these  so-called  free 
basylous  radicals,  and,  in  the  case  of  ethylene,  one  pair  of 
carbon  "  arms  "  may  be  considered  to  unclasp,  each  of  the  two 
free  arms  clasping  a  one-armed  bromine  atom  ;  while,  in  the 
case  of  acetylene,  first  one  pair  of  arms  unclasp  and  take 
in  two  bromine  individuals,  and  then  another  pair  unclasp 
and  take  in  two  more  individuals  of  a  bromine  molecule. 

Br  Br 


-I 


Br— Br  H — C— C — H       H — C=C — H       H— C— C— H 

II  II 
Bromine.  Acetylene.  ~QV  Bl'  Br 

Dibromido  of  Totrabromide  of 

acotyleno  ;  or     acetylene  ;  or  bromide  of 
dibrom-ethyleno.      dibrom-etbylene ;  or 
tetrabrom-ethanc. 
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Molecules. — Instead  of  the  foregoing  plane-conceptions  of 
molecules,  stereo-conceptions  have  been  suggested  (see  p.  464). 
Thus  a  tetrahedron  may  represent  a  carbon  atom,  or  the 
area  of  influence  of  the  (central)  carbon  atom,  its  corners 
or  summits  representing  the  foci  of  its  affinities  or  valen- 
cies— foci  at  which  atoms  of  hydrogen  or  of  compound 
radicals  will  find  place,  or  in  the  vicinity  of  which  they  will 
oscillate.  Two  or  more  of  such  tetrahedra  may  be  regarded 
as  united  by  their  corners,  edges,  or  faces,  according  to  cir- 
cumstances. This  subject  cannot  be  pursued  here.  Chemists 
seem  to  be  gliding  from  statical  notions  of  chemical  struc- 
ture to  dynamical  ideas,  slowly  discarding  the  principle  of 
affinities  between  fixed  particles  for  that  of  atoms  conditioned 
by  motion.  {See  the  memoirs  of  Van't  Hoff,  Lebel,  Mayer, 
Guye  and  others.) 

Series  of  hydrocarbons.— Three  distinct  series  of  hydro- 
carbons have  now  incidentally  been  alluded  to,  namely,  the 
paraffin  series,  CnH2ll+2 ;  the  olefine  series,  CnB2n ;  and  the 
acetylene  series,  CnH2n_2.  Twelve  or  fourteen  other  series 
are  known,  as,  the  terpene  series,  CnH2n_4  ;  the  benzene  series, 
CnII2n_6 ;  the  cinnamene  series,  CuH2u_8 ;  the  anthracene 
series,  CnH2n_18,  etc.  Each  member  of  any  such  series 
obviously  differs  in  composition  from  the  preceding  or 
succeeding  member  by  CH2.  Either-  series  will  therefore  be 
an  illustration  of  an  homologous  series  (from  6/aos,  homos, 
the  same,  and  Aoyos,  logos,  projjortion)  of  compounds. 
There  will  be  similar  homology,  of  course,  between  the 
members  of  the  series  of  alcohols  derived  from  these  hydro- 
carbons, or  between  the  haloid  salts,  the  ethers,  the  aldehydes, 
the  acids,  etc.  Homology  is  necessarily  concurrent  with 
step-by-step  variation  in  the  properties  of  members  of  a 
series. 

Substitution. — The  atoms  of  hydrogen  in  any  member  of 
either  of  the  series  of  hydrocarbons  may  be  substituted  by 
radicals  of  all  kinds — basylous  and  acidulous,  elementary 
and  compound  ;  by  chlorine  or  bromine,  hydroxyl  or  sul- 
phydroxyl,  oxygen  or  sulphur,  amidogen  or  imidogen,  car- 
boxyl,  etc.  Very  large  numbers  of  organic  compounds  have 
thus  been  obtained  artificially ;  still  larger  numbers  have 
been  proved,  analytically,  to  have  distinct  existence ;  while 
it  is  certain  that  still  larger  numbers  exist  of  which  we  do 
not  know  the  constitution  and  only  partially  know  the  com- 
position. 
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Note. — The  idea  of  substitution,  in  chemistry,  involves  or 
includes  the  conception  of  the  unity  of  a  molecule  as  opposed 
to  the  old-fashioned  conception  of  duality ;  involves  the 
unitary  conception  under  which  we  picture  a  molecule  of, 
say,  anhydrous  epsom  salt  as  MgS04  rather  than  MgO, 
S03  ;  or,  figuratively,  involves  that  conception  of  oneness  or 
wholeness  in  a  building  which  allows  of  one  kind  of  brick 
being  substituted  by  another  kind  without  change  in  the 
structure  qud  structure.  That  the  idea  of  substitution  also 
involves,  in  chemistry,  a  somewhat  unwieldy  notation  and  an 
extremely  unwieldy  nomenclature,  appears  at  present  to  be 
inevitable. 

Procedure  as  regards  further  study. 

Several  of  these  series  of  hydrocarbons  and  their  sub- 
stitutional derivatives  will  now  be  described,  special  notice 
being  given  to  the  compounds  of  medical  and  pharmaceutical 
interest.  Some  members  of  the  paraffin,  olefine,  acetylene, 
terpene,  benzene,  naphthalene  and  anthracene  series  will  be 
treated  of,  together  with  their  haloid,  nitrous,  and  acetic 
derivatives,  etc. ;  the  alcohols  or  hydroxyl  substitution  com- 
pounds will  then  be  noticed  as  a  class  ;  and,  afterwards,  the 
carbohydrates,  amyloids,  aldehydes,  acids,  glucosides,  and 
alkaloids. 

The  series  of  chief  interest  to  medical  and  pharmaceutical 
and,  indeed,  to  all  students,  is  the  first,  known  by  either  of 
the  four  names  Paraffin,  Fatty,  Marsh  Gas  or  Methane 
Series.  The  Benzene  or  Aromatic  Series  has  great  general 
chemical  interest.  The  Terpene  Series  has  considerable 
pharmaceutical  interest. 

A  very  large  number  of  compounds  of  carbon  will  thus 
be  brought  under  notice,  far  larger  than  that  of  any  other 
element.  The  mere  number,  however,  need  not  dismay  the 
student.  The  relation  of  the  derivatives  of  one  hydrocarbon 
to  that  hydrocarbon  will  be  found  to  obtain  between  the 
next  set  of  derivatives  studied  with  their  hydrocarbon,  and 
so  on ;  hence,  as  the  student  progresses,  he  is  soon  looking 
for  compounds  which  he  already  expects  to  exist,  instead 
of  finding  his  mind  overburdened  with  what  at  first  sight 
he  might  fear  would  be  an  intricate  and  endless  subject. 

The  methods  of  examining  morbid  urine  will  afterwards 
be  experimentally  considered.  There  will  then  remain  to 
be  studied  by  the  medical  and  pharmaceutical  pupil,  but 
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by  aid  of  some  other  guide  than  the  author's,  certain  galenical, 
as  distinguished  from  chemical  substances,  solid  and  liquid, 
which  can  only  be  fairly  regarded  from  a  pharmacist's  rather 
than  a  chemist's  point  of  view,  and  a  still  larger  number, 
doubtless,  not  yet  brought  within  the  grasp  of  chemist  or 
pharmacist,  and  of  which,  therefore,  we  must  at  present  be 
content  to  remain  in  ignorance.  An  opportunity,  however, 
will  be  afforded  of  noticing  the  effect  of  such  indefinite 
organic  matter  as  a  vomit,  or  the  contents  of  a  stomach,  in 
masking  or  preventing  the  reactions  by  which  mineral  and 
vegetable  poisons  are  detected. 

A  section  on  quantitative  analysis  will   complete  the 

Manual. 


QUESTIONS  AND  EXERCISES. 

What  do  you  understand  by  organic  chemistry  ?— Give  methods  of 
ascertaining  the  presence  of  carbon,  hydrogen,  and  nitrogen  in  organic 
compounds.— Give  an  outline  of  the  methods  by  which  the  quantities  of 
carbon,  hydrogen,  oxygen,  and  nitrogen  are  determined  in  organic  com- 
pounds.—How  would  you  convert  centesimal  into  "  atomic  "  composition? 
—Define  empirical,  molecular,  and  rational  formula?.— How  is  the  constitu- 
tion of  an  organic  compound  ascertained  ?— What  do  you  understand  by 
graphic  chemical  formula;  ?— Define  "  stereo-chemical  "  formula;.— Give 
graphic  formula?  of  two  or  three  saturated  hydrocarbons.— What  do  you 
mean  by  an  organic  radical  ?— Give  illustrations.— Give  the  general  for- 
mula; of  different  series  of  hydrocarbons,  with  special  illustrations.— 
Define  substitution,  as  understood  in  organic  chemistry. 


THE  PARAFFIN  SERIES  OF  HYDROCARBONS. 

Methane.  Marsh  gas.  Light  carburetted  hydrogen.  Hy- 
dride of  methyl.  Fire-damp.  CH4.— This  gaseous  hydrocar- 
bon may  be  made  from  its  elements  by  uniting  the  carbon 
with  sulphur  and  the  hydrogen  with  sulphur  or  oxygen,  and 
passing  these  over  red-hot  copper.  It  occurs  naturally  in 
coal  mines  and  in  the  mud-volcanoes  of  the  Crimea,  is  fre- 
quently associated  with  the  crude  petroleum  that  issues  from 
the  earth,  and  is  constantly  rising  in  bubbles  to  the  surface 
of  stagnant  pools  in  marshy  places.  It  is  a  non-luminous 
constituent  of  ordinary  coal  gas.  It  is  inodorous  and  colour- 
less. It  may  be  produced  by  acting  on  iodide  of  methyl 
with  zinc  on  which  copper  has  been  deposited,  and  in  other 
theoretically  interesting  ways,  but  economically  by  heating 
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a  mixture  of  2  parts  of  dry  acetate  of  sodium,  3  of  lime,  and 
2  of  caustic  soda  or,  better,  potash. 

CH3-CO-ONa     +     NaOH     =  CH4     +  C03Na2. 
Acetate  of  sodium.  Soda.        Methane.  Carbonate  of  sodium. 

Tivo  notes  on  the  notation  of  the  foregoing  and  similar  for- 
mula}, and  on  the  constitution  of  salts. — (a)  Soda,  NaHO, 
contains  bivalent  oxygen,  univalent  sodium,  and  univalent 
hydrogen.  The  chemical  valency  of  the  oxygen  atom  is 
double  that  of  either  of  the  other  atoms,  a  relationship 
perhaps  better  realized  if  the  symbol  for  the  oxygen  be 
placed  between  those  of  hydrogen  and  sodium,  NaOH,  or 
HONa.  So  HOK,  HOH,  etc.  The  student  must  expect  to 
find  the  symbols  of  a  formula  placed  where  apparently  they 
will  best  reflect  our  knowledge  of  the  structure  of  the 
molecule  pictured,  (b)  Acetic  acid,  C2H403,  by  action  of 
chlorine  (presented  as  PC13)  loses  hydroxyl,  OH,  and  yields 
chlorine  of  acetyl,  C2HaOCl.  Hence  acetic  acid  would  seem 
in  constitution  to  be  hydrate  of  acetyl,  C2H30-OH  ;  especially 
when  we  find  that  the  chloride  of  acetyl  by  reaction  with 
water,  HOH,  yields  again  acetic  acid  (and  HC1).  Sodium 
will  only  displace  one  atom  of  hydrogen  from  water,  yielding 
HONa ;  and  will  only  displace  one  atom  of  hydrogen  from 
acetic  acid,  yielding  acetate  of  sodium,  C2H30-ONa>  Fur- 
ther, chlorine  will  not  displace  more  than  one  portion  or 
atom  of  hydroxyl,  OH,  from  acetic  acid.  So  that  three 
atoms  of  the  hydrogen  in  acetic  acid  apparently  perform 
different  functions  to  those  of  the  fourth  atom ;  and,  appa- 
rently, the  two  atoms  of  oxygen  perform  different  functions. 
Hence  our  necessity  for  separating  in  the  formula  the  letters 
representing  those  atoms,  C2H30-OH.  Once  more,  acetates 
may  be  formed  from  two  different  methyl  compounds : 
acetate  of  sodium  by  the  direct  combination  of  methide 
of  sodium,  CH3Na,  and  carbonic  acid  gas,  C02,  giving 
CH.j-CO'ONa  ;  and  acetate  of  ammonium  by  the  combination 
of  methyl  cyanide,  CH3CN,  with  water  (2HOH),  yielding 
CH3-CO-ONH4.  From  these  and  other  facts  and  modes  of 
reasoning  arise  our  justification — from  them,  indeed,  come 
the  necessity — for  thus  extending  the  formulae  for  acetates. 
Less  extended  formulae  are  of  course  correct  and  even 
occasionally  more  useful ;  CoHjOa  C2H302H,  C2H30-OH, 
CHg-CO-OH  form  an  illustration  of  a  set  of  formulae  for  a 
substance  either  member  of  which  set  may  be  used  according 
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to  circumstances.  (See  also  pages  333  and  350.)  The  follow- 
ing would  be  reasonable  graphic  formulae,  like  those  on  page 
464  or  466  :— 

H  H 

H-G-0/°  H-C-C<° 

I         0  — H  |  N0-Na 

H  H 

Acetic  acid.  Acetate  of  sodium. 


CI 

0_H  H-C-O^Cl 


H 

ci_c-c<°  I  /o 


CI  I 

H 

Trichloracetic  acid.  Chloride  of  acetyl. 

Ethane,  C2H6.  Dimethyl.  Hydride  of  Ethyl— -This  is  one 
of  the  constituents  of  crude  petroleum.  It  also  results 
on  heating  iodide  of  ethyl  with  granulated  zinc  or  zinc 
covered  with  copper,  and  then  adding  water  to  the  iodide  of 
zinc  and  ethide  of  zinc  first  produced. 

2Zn    +    2C2HSI     =  Zn(C„H5),    +  Znl2 
Zn(C2H5)2    +    20H2     =     2C2H6    +  Zn(0H)2 

Ethane  is  sometimes  regarded  as  dimethyl  or  methyl- 
methane,  CH3CH3,  that  is  to  say,  as  being  derived  from 
methane  by  the  substitution  of  an  atom  of  hydrogen  in 
methane,  CH4,  by  methyl,  CH3  ;  its  properties,  however,  are 
not  those  of  a  radical.  It  is  also  considered  to  be  hydride  of 
ethyl,  C2H5H ;  its  properties,  however,  are  not  those  of  such 
a  substance.  The  other  hydrocarbons  of  the  paraffin  series 
are  also  similarly  regarded  as  containing  radicals.  Such 
views  of  constitution  are  useful  as  enabling  composition  to 
be  remembered  and  relationships  to  be  realized,  especially  if 
their  hypothetical  character  be  fully  recognised  ;  but  these 
hydrocarbons  are  apparently  single  homogeneous  substances, 
and  whatever  other  views  of  their  constitution  be  held,  this 
last  should  be  dominant. 

Propane,  methyl  ethyl,  03H8. — This  gas,  like  methane 
occurs  dissolved  in  the  Pennsylvanian  petroleum  springs. 

Tetrane  or  Butane,  C.iH10. — Two  varieties  exist,  normal 
butane  or  diethyl,  O^^G.^E.^  found  in  petroleum,  and  iso- 
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butane  or  trimethyl  methane,  CH(CH3)3  formed  by  artificial 
means. 

Turning  Lack  to  the  highly  extended  formulae  for  methane, 
ethane,  propane,  and  butane  given  on  p.  466,  the  reader  will 
see  why  there  should  only  be  one  ethane  or  propane  while 
two  butanes  (two  methyl-propanes)  are  possible.  We  can  but 
replace  one  of  the  atoms  of  hydrogen,  H,  in  methane,  CH4,  to 
form  ethane,  CH3,CH3,  and  it  matters  not  which,  hence  onty 
ethane  (one  ethane)  can  result.  In  ethane,  GH3'C3S,  if  an 
atom  of  hydrogen  be  displaced  by  methyl,  CH3,  it  can  but  be 
a  hydrogen  atom  of  one  of  the  two  methyl  groups  (CH3-CH3), 
and  it  matters  not  which  (though  two  cZi-derivatives  may 
exist;  see  the  respective  chlorides  of  ethylene  andethylidene, 
p.  490).  But  in  propane,  CH3-CH2'CH3,  a  CH2  group  exists  as 
well  as  CH3  groups.  Now  CH2  is  a  different  group  to  CH3, 
hence  if  we  displace  one  of  its  two  atoms  of  hydrogen  (it 
matters  not  which)  by  methyl  to  get  butane,  we  should  expect 
to  get  a  butane  of  different  properties  to  the  butane  obtained 
by  displacing  one  of  the  atoms  of  hydrogen  in  the  methyl 
groups  by  methyl ;  and  two  butanes,  and  two  only,  do 
actually  exist.  Normal  butane  may  be  thus  formulated, 
CH3-CH2-CH3-CH3,  while  isobutane  would  be  either, 
CH3'CH3-CH-CH3,  or  a  practically  identical  formula 
CH3-CH-CH3-CH3. 

H  H  H  H  H  CH3  H  H  H  H 

H— C-C-C— C-H        H— C-C-C-H  or  H— cLc-G-H 

I     I     I     I  IM  III 

HHHH  HHH  H  0H8  H 

Butane.  Isobutane. 

Pentane,  C5H12.— Three  varieties  are  possible,  and  three 
only;  three  are  "known,  and  three  only;  the  second,  or 
isoamylic  hydride,  yielding  the  ordinary  Amylic  Alcohol  and 
Valerianic  Acid. 

Hexanes,  C0HU.— Five  are  possible,  five  are  known. 

Heptanes,  C7H1C.— Nine  are  possible,  five  are  known. 

Octanes,  C8Hi8—  Eighteen  isomers  possible,  three  known. 

Nonane,  C„Hn0  ;  Decane,  010Hss  ;  and  every  paraffin 
hydrocarbon  up  to  C24HB0,  as  well  as  some  others  and  den- 
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vatives  of  far  higher  members  of  the  paraffin  series  of  hydro- 
carbons, are  known. 

Petroleum  Spirit.    Paraffin  Oil.  Paraffin. 

Petroleum  Spirit,  B.P.  (jpentane,  C5H12,  hexane,  C6HU, 
etc.),  known  also  as  benzoline,  petroleum  benzin,  and  petro- 
leum ether  is  "  a  colotxrless,  very  volatile,  and  highly  in- 
flammable liquid  obtained  from  petroleum,  and  consisting  of 
a  mixture  of  the  lower  members  of  the  paraffin  or  marsh-gas 
series  of  hydrocarbons.  Boiling-point,  122°  to  140°  P.  (50°  to 
60°  C).  Specific  gravity,  about  O670  to  0-700."  (Benzene 
or  benzol  is  quite  a  different  fluid,  vide  Index.) 

Paraffin  Oil,  the  Paraffinum  Liquidum  of  the  German 
Pharmacopoeia,  is  a  mixture  of  the  higher  fluid  members  of 
the  paraffin  series  of  hydrocarbons,  a  clear  oily  liquid  ob- 
tained from  petroleum  after  distilling  off  the  lower-boiling 
portions.    Specific  gravity,  not  below  0-840.  Boiling-point, 
not  below  360°  C.  (680°  F.).    Digested  and  agitated  with 
warm  sulphuric  acid  for  a  day  or  two,  the  oil  is  not  coloured 
and  the  acid  only  tinged  brown  ;  metallic  sodium  under 
similar  conditions  is  not  tarnished  ;  alcohol  boiled  with  the 
oil  should  not  become  acid.   Soft  Paraffin  (Paraffinum  Molle, 
B.P.),  officially  termed  Unguentum  Paraffini  in  Germany , 
PitroUine  in  Prance,  and  Petrolatum  in  the  United  States, 
and  "  known  in  commerce  by  various  fanciful  names,''  is  a 
semi-solid  mixture  of  paraffins,  usually  obtained  by  purifying 
the  less  volatile  portions  of  petroleum.     It  is  11  white  or 
yellowish,  translucent,  soft,  greasy  ;  free  from  acidity,  alkali- 
nity, or  any  unpleasant  odour  or  flavour,  even  when  warmed 
to  120°  P.  (48-9°  C).    Specific  gravity  at  the  melting  point 
from  about  0-840  to  0-870.    Melts  at  95°  to  105°  P.  (35°_  to 
40'5°  0.),  or  even  somewhat  higher  ;  volatilizes  without  giving 
acrid  vapours,  and  burns  with  a  bright  flame,  leaving  no 
residue.     Insoluble  in  water,  slightly  soluble  in  absolute 
alcohol,  freely  soluble  in  ether,  chloroform,  benzol,  etc.  It 
is  not  saponified  by  solutions  of  alkalies."    Hard  Paraffin 
{Paraffinum  Durum,  B.P.),  commonly  termed  paraffin  wax, 
or  simply  paraffin,  is  "  a  mixture  of  several  of  the  harder 
members  of  the  paraffin  series  of  hydrocarbons  ;  usually  ob- 
tained by  distillation  from  shale,  separation  of  the  liquid  oils 
by  refrigeration,  and  purification  of  the  solid  product.    It  is 
colourless,  semi-transparent,  crystalline,  inodorous,  and  taste- 
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less ;  slightly  greasy  to  the  touch.  Specific  gravity,  082  to 
094.  Insoluble  in  water,  slightly  soluble  in  absolute  alcohol, 
freely  soluble  in  ether.  It  melts  at  110°  to  145°  F.  (43-3°  to 
62-8°  C),  and  burns  with  a  bright  flame,  leaving  no  residue." 

Paraffin  resists  all  ordinary  reagents  (hence  the  original 
name  paraffin,  from  parum  affinis,  without  affinity),  but  may, 
by  continued  boiling  with  sulphuric  acid  and  solution  of 
bichromate  of  potassium,  be  oxidized  to  cerotic  acid,  C27H5402, 
and  by  continued  digestion  with  nitric  and  sulphuric  acids 
yields  acids  of  the  acetic  series  and  paraffinic  acid,  C24H4802 
(Pouchet). 


Substitution-Products  of  Methane. — The  paraffins  all 
form  substitution  derivatives  with  the  halogens,  chlorine 
acting  energetically,  bromine  less  so,  and  iodine  scarcely  at 
all.  In  the  preparation  of  chlorine  and  bromine  substitution- 
products  by  acting  on  the  hydrocarbons,  the  mono-derivatives 
are  always  mixed  with  the  higher  derivatives,  even  though 
the  quantities  are  taken  in  relation  to  their  combining  pro- 
portions ;  thus,  if  methane  and  chlorine  are  mixed  in  the 
proportion  of  CH4  +  Cl2,  not  only  will  vionochloromethane,  or 
chloride  of  methyl,  CH3C1,  be  formed,  but  dichloromethane, 
CH2C12,  and  trichloromethane,  CHC13  with  free  hydrogen. 
The  best  method  of  obtaining  the  mono-derivatives  is 
to  act  on  the  alcohols  by  haloid  acids  or  by  phosphorus 
compounds  : — 

CH3OH    +    HC1    =    CH3C1    4-  HoO 
3CH:i0H    +    PCI3    =  3CH,C1    +  PH3O3. 

Chloroform. 

Trichloromethane  or  chloroform,  CHCX,  may  be  made  by 
acting  on  methane  with  chlorine,  as  already  indicated  :- 

CH4    +    801a    =    CHCI3    +  3HC1. 

also  as  shown  on  p.  479  ;  but  on  a  larger  scale  by  the  official 
process,  as  follows  : — 

Process. — One  fluid  ounce  and  a  half  of  spirit  and  24  of 
water  are  placed  in  a  retort  or  flask  of  at  least  a  quart  ca- 
pacity ;  8  ounces  of  chlorinated  lime  and  4  of  slaked  lime  are 
added,  the  vessel  connected  with  a  condenser,  and  the  mix- 
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ture  heated  until  distillation  commences,  the  source  of  heat 
then  being  withdrawn.  The  condensed  liquid  should  fall 
into  a  small  flask  containing  water,  at  the  bottom  of  which 
about  a  drachm  of  chloroform  will  slowly  collect. 

Explanation  of  the  Process—  Though  there  is  some  doubt 
as  to  the  exact  reaction,  the  following  seems  to  be  most 
probable.  The  hypochlorite  of  calcium  believed  to  be  present 
in  the  chlorinated  lime  (see  the  remarks  in  connection  with 
the  latter,  p.  125)  readily  yields  up  oxygen  and  chlorine  to 
organic  substances,  the  calcium  being  liberated  as  hydrate. 
The  alcohol  used  in  making  chloroform  is  thus  probably  first 
converted  into  aldehyde  *  : — 

2CH3-CH2OH    +    02    =    2CH3COH    +  2H20 
Alcohol.  Oxygen.         Aldehyde.  Water. 

The  action  of  chlorine  on  aldehyde  then  probably  gives 
chloral  (c/iZor-aMehyde) : — 

CH3-COH    +    3C12    =    CClg-COH    +  3HC1 

Aldehyde.         Chlorine.  Chloral.  Hydrochloric 

acid. 

The  hydrochloric  acid  being  at  once  neutralized  by  some  of 
the  liberated  hydrate  of  calcium  to  form  chloride  of  calcium 
and  water,  more  freed  hydrate  of  calcium  and  chloral  give 
formate  of  calcium  and  chloroform. 

2CC13-C0H    +    Ca2HO    =    (HCOO)2Ca    +  2CHC13 

Chloral.  Hydrate  of  Formate  of  Chloroform, 

calcium.  calcium. 

Or,  irrespective  of  the  chemistry  of  each  step  in  the  process, 
and  regarding  only  the  materials  and  the  products,  4  mole- 
cules of  alcohol  and  8  of  hypochlorite  of  calcium  give  2  of 
chloroform,  3  of  formate  of  calcium,  5  of  chloride  of  calcium, 
and  8  of  water,  thus  : — 

4CH3CH2OH    +    8CaCl202  = 

Alcohol.  Calcium 

hypochlorite. 

2CHC13    +    3(H-COO)2Ca    +    5CaCl2  .  +  8H20 

Chloroform.  Calcium  Calcium  Water, 

formate.  chloride. 

*  The  special  formulae  for  alcohol,  aldehyde,  and  the  formate  used  in 
the  accompanying  equations  will  be  better  understood  when  the  constitu- 
tion of  alcohols  and  acids  has  been  considered. 
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The  hydrate  of  calcium  placed  in  the  generating-vessel  is 
not  essential,  but  is  useful  in  preventing  secondary  decom- 
positions, the  hydrate  of  calcium  obtainable  from  the  reaction 
being  insufficient  for  this  purpose. 

Chlorine  converts  chloroform  into  tetrachloromethane  or 
tetrachloride  of  carbon,  CC14,  completing  the  chlorine  substi- 
tution-products of  methane. 


H  yCl  .01  .01  .01 

c<§     00  c/°> 

\H  NH  \H  \H  ^01 

Methane.      Monoohloro-      Dichloro-  Trichloromethane  Tetrachloro- 
methane.       methane.      (Chloroform).  methane. 

(Carbon  tetrachloride). 


Chloroform  is  purified  by  shaking  it  with  water  and  then 
with  pure  sulphuric  acid  (containing  no  trace  of  nitric  acid), 
which  chars  and  removes  hydrocarbons,  etc.,  but  does  not 
affect  chloroform.  It  is  freed  from  any  trace  of  acid  by 
agitation  with  lime,  and  from  moisture  by  solid  chloride  of 
calcium.    It  is  finally  rectified. 

Properties. — The  sp.  gr.  of  pure  chloroform  is  at  least  1*500, 
perhaps  higher.  It  is  liable  to  slowly  decompose  when  ex- 
posed to  air  and  light;  4CHCl3  +  303  =  4COCl,  +  2H.2q+2Cl2. 
The  resulting  chlorine  may  be  detected  by  iodide  of  zinc  and 
starch  and  the  oxychloride  of  carbon  by  baryta  water ; 
2C0C12  +  2H20  =  2C02  +  4HC1.  To  render  it  stable  a  minute 
amount  (1  volume  in  100  or  less)  of  absolute  alcohol  is  neces- 
sary :  hence  the  specific  gravity  of  medicinal  chloroform  is 
about  1-497.  It  readily  and  entirely  volatilizes  at  common 
temperatures,  having,  to  the  last  drop,  its  pleasant  character- 
istic odour.  It  has  a  sweetish  taste,  is  limpid,  colourless, 
soluble  in  alcohol  and  ether,  and  slightly  in  water.  It  may 
be  so  frozen  at  low  temperatures  that  any  impurities  shall  re- 
main in  the  still  fluid  portion  (Pictet).  Boils  at  142°  F.  It 
burns  with  a  sluggish,  green,  smoky  flame.  It  reduces 
Fehling's  solution.  It  should  be  neutral  to  test-paper,  in- 
dicating absence  of  acid  ;  give  no  precipitate  with  solution  of 
nitrate  of  silver,'  indicating  absence  of  ordinary  chlorides ; 
remain  colourless  when  heated  with  potash,  indicating  absence 
of  aldehyde ;  and  give  no  more  colour  than  is  producible  by 
the  absolute  alcohol  that  is  present  to  any  sulphuric  acid 
with  which  it  may  be  shaken,  even  after  the  mixture  has 
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been  set  aside  for  half  an  hour,  indicating  absence  of  hydro- 
carbons, etc.  Alcohol  may  be  detected  by  the  iodoform  test 
{see  Index),  or  by  shaking  with  a  little  of  the  dye  termed 
"Hofmann's  violet,"  which  gives  the  chloroform  a  purple 
tint  if  alcohol  be  present,  but  affords  no  colour  with  pure 
chloroform.  At  the  temperature  of  melting  ice,  chloro- 
form unites  with  water  to  form  a  crystalline  compound, 
CHCI3,  18H20. 

Aqua  Chloroformi,  B.P.,  the  official  Chloroform  Water  is 
made  by  shaking  1  fluid  drachm  of  chloroform  with  25  ounces 
of  distilled  water  till  dissolved. 

Iodoform. 

Tri-iodomethane  or  iodoform,  CHI3,  analogous  in  constitu- 
tion to  chloroform,  the  iodine  occupying  the  place  of  the 
chlorine,  is  made  by  mixing  together  one  part  of  alcohol,  two 
parts  of  crystallized  carbonate  of  sodium,  and  ten  parts  of 
water ;  the  whole  being  heated  to  about  150°  F.,  and  one  part 
of  iodine  gradually  added  in  small  portions.  When  the  fluid 
becomes  colourless,  the  iodoform  is  allowed  to  settle.  The 
iodoform  is  collected  on  a  filter,  washed  thoroughly  with 
water,  and  dried  between  filtering-paper.  (This  reaction 
forms  a  very  delicate  means  of  testing  the  presence  of 
alcohol.    Vide  "Alcohol,  Test  for,"  in  Index.) 

Iodoform  occurs  as  yellow,  shining,  six-sided  scales.  It  is 
volatile  at  ordinary  temperatures.  Almost  insoluble  in  water, 
soluble  in  alcohol  or  ether.  Warmed  with  an  alcoholic 
solution  of  potash,  formate  and  iodide  of  potassium  are 
produced,  CHI3  +  4KOH  =  HCOOK  +  3KI  +  2H20;  and  the 
resulting  fluid,  heated  with  a  little  nitric  acid,  yields  free 
iodine,  recognised  by  its  colour  or  by  giving  a  blue  colour 
with  starch. 

Chloroform,  iodoform,  and  bromoform  may  also  be  obtained 
on  passing  a  current  of  electricity  through  hot  strong  alcohol 
containing  chloride,  iodide,  or  bromide  of  potassium,  respec- 
tively, carbonic  anhydride  being  simultaneously  supplied  ;  or 
again  by  the  action  of  bleaching  powder,  or  a  mixture  of 
chlorinated  soda  with  bromide  or  iodide  of  potassium,  on 
acetone.  The  latter  "  ketone  chloroform"  is  a  commercial 
article. 
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Substitution  -  products  of  ethane. — Ethane,  like  me- 
thane, yields  substitution  derivatives.  Monobromethane, 
bromide  of  ethyl,  ethylic  bromide,  or  hydrobromic  ether, 
C2H5Br,  may  be  prepared  by  gradually  adding  6  parts  of 
bromine  to  a  mixture  of  six  parts  of  ethylic  alcohol  and  1 
of  amorphous  phosphorus  contained  in  a  flask  fitted  with  an 
upright  condenser,  care  being  taken  to  keep  the  apparatus 
cool. 

5C2H5OH  +  PBr5  =  5C2H5Br  +  H3P04  +  H20. 
When  all  the  bromine  has  been  added,  the  mixture  is 
poured  into  a  retort  and  distilled  over  a  water-bath,  the 
resulting  ethylic  bromide  freed  from  excess  of  bromine  by 
washing  with  a  small  quantity  of  dilute  soda  or  potash,  then 
washed  with  water  and  rectified  over  calcium  chloride  and 
redistilled. 

For  its  preparation  on  a  large  scale,  De  Vrij's  method  W 
preferable,  C0H5HS04  +  KBr  =  C2H5Br  +  KHS04  (see  Pharnm 
Journ.,  Feb."l5,  1879),  or  the  same  method  as  modified  by^ 
Greene  (  P.  J.,  July  12,  1879) ;  by  Remington  (P.  J.,  May 
29,  1880) ;  or  by  Wolff  (P.  J.,  July  3,  1880). 

Mon-iodoethane,  iodide  of  ethyl,  or  ethylic  iodide,  C2H5I, 
may  be  made,  like  the  bromide,  by  mixing  7  to  8  parts  of 
amorphous  phosphorus  and  70  of  absolute  alcohol  with  100 
parts  of  iodine.  The  complete  decomposition  takes  three  or 
four  hours,  after  which  it  may  be  treated  as  above.  It  should 
be  kept  in  a  dark  place,  as  light  favours  decomposition  and 
liberation  of  iodine. 

The  paraffins  give  rise  to  many  substitution  derivatives 
by  displacement  of  their  hydrogen  by  compound  acidulous 
radicals.  The  following,  chiefly  from  ethane  and  pentane, 
are  of  pharmaceutical  interest : — 

Spirit  of  Nitrous  Ether. 

Nitrite  of  Ethyl,  Nitrous  Etlier,  C2H5N02.-A  "  spirit,'' 
probably  containing  nitrous  ether,  was  one  of  the  earliest 
known  medicinal  compounds,  its  discovery  bemg  generally 
ascribed  to  Raymond  Lully. 
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Process.— To  a  third  of  a  test-tubeful  of  rectified  spirit  add 
about  a  tenth  of  its  bulk  of  sulphuric  acid,  rather  more  of 
nitric  acid,  and  some  copper  wire  or  turnings,  and  warm  the 
mixture;  as  soon  as  ebullition  commences,  the  vapour  of 
nitrous  ether  (with  other  substances)  is  evolved,  recognised 
by  its  odour.  A  long  bent  tube,  kept  very  cool,  may  be 
adapted  by  a  perforated  cork  to  the  test-tube,  and  thus  a 
little  of  the  product  be  condensed  and  collected. 

The  above  process  conducted  on  a  larger  scale,  with  definite 
quantities  of  materials,  temperature  regulated  by  a  thermo- 
meter, and  a  well-cooled  condenser,  etc.  (see  p.  141),  is  the 
official  process  (Kopp's  process  applied  by  Redwood)  for  the 
preparation  of  a  concentrated  solution  of  nitrous  ether,  etc., 
in  spirit ;  diluted  with  nearly  three  times  its  bulk  of  rectified 
spirit,  it  forms  the  official  variety  of  the  "  spirit  of  nitrous 
ether  "  (Spiritus  Mheris  Nitrosi,  B.P.)  of  pharmacy. 

"  Take  of  

Nitric  Acid  3  fluid  ounces, 

Sulphuric  Acid  .       .       .       ,      .    ,  .    2  fluid  ounces, 
Copper,  in  fine  wire,  (about  No.  25)    .       .2  ounces, 
Rectified  Spirit  a  sufficiency. 

"  To  one  pint  of  the  spirit  add  gradually  the  sulphuric 
acid,  stirring  them  together ;  then  add,  in  the  same  way, 
two  and  a  half  fluid  ounces  of  the  nitric  acid.  Put  the  mix- 
ture into  a  retort  or  other  suitable  apparatus,  into  which  the 
copper  has  been  introduced,  and  to  which  a  thermometer  is 
fitted.  Attach  now  an  efficient  condenser,  and,  applying 
heat  gently,  let  the  spirit  distil  at  a  temperature  commencing 
at  170°  F.  and  rising  to  175°,  but  not  exceeding  180°,  until 
twelve  fluid  ounces  have  passed  over  and  been  collected  in 
a  bottle  kept  cool,  if  necessary,  with  ice-cold  water ;  then 
withdraw  the  heat,  and  having  allowed  the  contents  of  the 
retort  to  cool,  introduce  the  remaining  half-ounce  of  nitric 
acid,  and  resume  the  distillation  as  before,  until  the  distilled 
product  has  been  increased  to  fourteen  fluid  ounces.  Mix 
this  with  two  pints  of  the  rectified  spirit,  or  as  much  as  will 
make  the  product  correspond  to  the  official  test  (vide  infra). 
Preserve  it  in  thoroughly  well-closed  vessels." 

Disregarding  the  other  products,  the  following  equation 
probably  represents  the  chief  decompositions  that  occur  in 
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the  operation.    An  important  feature  in  the  reaction  is  the  ■ 
reduction  of  the  nitric  to  the  nitrous  radical  by  the  indirect 
agency  of  the  copper. 

3C2H5OH    +    2HN03    +    H2S04    +  Cu 
Alcohol.  Nitric  Sulphuric  Copper, 

acid.  acid. 

=  2C2H5N02    +    C2H40     +    4H20'    +  CuS04 
Nitrous  Aldehyde.         Water.        Sulphate  of 

ether.  copper. 

Properties—  Spirit  of  Nitrous  Ether  "  is  transparent  and 
nearly  colourless,  with  a  very  slight  tinge  of  yellow,  mobile, 
inflammable,  of  a  peculiar  penetrating  apple-like  odour,  and 
sweetish  cooling  sharp  taste.  Specific  gravity  (B.P.)  0-840 
to  0-845.  It  does  not  effervesce,  or  only  feebly  when  shaken 
with  a  little  bicarbonate  of  sodium "  (showing  absence  of 
appreciable  quantities  of  free  nitrous,  acetic  or  other  acids). 
The  aldehyde  in  it  may  be  detected  by  the  potash  test  (see 
'  Aldehyde,  Test  for  "  in  Index).  The  great  tendency  of 
aldehyde  to  become  converted  into  acetic  acid  by  the  ab- 
sorption of  oxygen  from  the  air  renders  Spirit  of  Nitrous 
Ether  unstable,  and  pharmacists  are  obliged  to  neutralize 
su^h^cidTgenefally  by  bicarbonate  of  potassium,  before  add- 
ing it  to  medicines  containing  iodides,  etc. 

A  very  old  variety  of  spirit  of  nitrous  ether,  or  rather 
"  sweet  spirit  of  nitre,"  still  largely  sold  in  Great  Britain,  is 
made  from  spirit  of  wine  and  nitric  acid,  as  ordered  in  the 
London  Pharmacopoeias,  except  that  the  distillation  is  con- 
tinued until  the  product  has  a  sp.  gr.  of  0-850.  It  may 
contain  little  or  no  nitrite,  but  is  popular. 

Test  —Any  nitrous  radical  may  be  detected  by  adding 
sulphate  of  iron  and  sulphuric  acid  to  some  of  the  spirit 
of  nitrous  ether,  the  usual  black  compound  being  produced. 

Official  (B.P.)  test  of  strength.— 11  Tested  as  described  m  the 
PharmaceuticalJournal,  3rd  series,  vol.  xm.  p.  63  [Eyknian  s 
testl :  or  vol,  xv.  p.  101  [Dymond's  modification  of  Eykman  s 
apparatus] ;  or  vol.  xv.  p.  673  [Allen's  modification]  it  should 
yield,  at  the  ordinary  temperature  (60°  F.,  16-5°  C )  and 
pressure  (30  inches,  or  760  millimetres  of  mercury),  and 
when  freshly  prepared,  seven  times  its  volume  of  nitric  oxide 
eas :  and  even  after  it  has  been  kept  some  time  and  the 
vessel  containing  it  has  occasionally  been  opened,  it  should 
yield  not  much  less  than  five  times  its  volume  of  the  gas. 
The  operation  is  simple.    A  given  volume  of  the  spirit  is  run 
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into  any  ordinary  nitrometer  charged  with  brine,,  a  solution 
of  iodide  of  potassium  added,  and  then  diluted  sulphuric 
acid.    When  the  gas  ceases  to  collect,  it  is  measured. 

CfcHgNOa  +  KI  +  H3S04  =  C3H5OH  +  KHS04  +  I  +  NO. 

If  the  gas  were  yielded  by  nothing  but  nitrite  of  ethyl, 
the  seven  volumes  would  correspond  to  nearly  3  per  cent,  of 
that  substance,  and  the  five  volumes  to  nearly  2  per  cent. 

For  the  detection  of  methyl  alcohol  in  spirit  of  nitrous 
ether,  vide  "  Methylated  Sweet  Spirit  of  Nitre  "  in  Index. 

Pure  Nitrite  of  Ethyl. — Dr.  Leech  states  that  the  physio- 
logical and  the  therapeutic  action  of  "  spirit  of  nitrous  ether  "< 
is  similar  to  that  of  an  alcoholic  solution  of  nitrite  of  ethyl 
of  similar  nitrous  strength.  The  nitrite  was  prepared  for 
Dr.  Leech  in  the  Research  Laboratory  of  the  Pharmaceutical 
Society  of  Great  Britain,  by  Hare's  process  of  mixing  nitrite 
of  sodium,  sulphuric  acid,  and  alcohol  at  a  low  tempera- 
ture— but,  perhaps  for  the  first  time,  in  a  pure  condition. 
The  nitrite  separates  as  a  pale  yellow  layer.  It  may  be 
washed  rapidly  with  a  little  water  and  dried  with  anhydrous 
carbonate  of  potassium.  As  it  is  decomposed  by  prolonged 
contact  with  water,  Dr.  Leech  was  supplied,  according  to 
suggestions  and  experiments  hy  the  late  John  Williams,  with 
a  pure  solution  of  the  ether  in  absolute  alcohol  containing 
five  per  cent,  of  glycerine  as  a  preservative.  It  should  be 
dispensed  and  used  from  small  bottles  to  avoid  loss  by  vola- 
tilization and  to  prevent  absorption  of  moisture  from  the  air. 

2NaN02  +  H2S04  +  2C2H5OH  =  2C2H5N02  +  Na2S04  +  2H20 
Nitrite  of      Sulphuric       Hydrate  Nitrite  of        Sulphate  Water, 

sodium.  acid.  of  ethyl.  ethyl.  of  sodium. 

Nitro-compounds. — There  are  two  nitro-ethylic  compounds 
having  similar  composition  but  differing  very  much  in  pro- 
perties, namely,  nitrite  of  ethyl  (C2H5N02),  which  boils  at 
63-5°  F.  (17-5°  C.)  and  has  a  sp.  gr.  of  0-900  (at  0°  C;  water 
=  1 ;  0-917  to  0-920  ;  Dunstan  and  Dymond)  and  nitro-ethane 
(C2H5N02)  which  boils  at  about  235°  F.  (nearly  113°  C.)  and 
has  a  sp.  gr.  of  1-058.  There  are  also  two  nitro-methylic 
compounds,  namely,  nitrite  of  methyl  (CH3N02)  and  nitro- 
methane  (CH3N02).  The  nitrites  are  easily  decomposed,  the 
nitro-compounds  are  stable.  The  official  spirit  of  nitrous 
ether  contains  nitrite  of  ethyl.  Possibly  the  nitrites  contain 
the  nitrogen  in  the  trivalent  or  unsaturated  condition,  while 
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in  tke  nitro-compounds  it  is  in  the  quinquivalent  or  saturated 
state.  Moreover,  the  reaction  of  the  two  sets  of  bodies 
warrant  the  conclusion  that  in  the  nitrites  the  methyl  or 
ethyl  is  united  to  oxygen,  in  the  nitro-compounds  to  the 
nitrogen.  Each  hydrocarbon  furnishes  only  one  mono-nitrite ; 
each  hydrocarbon  furnishes  only  one  mono-nitro  compound. 
The  nitrites  are,  the  nitro-compounds  are  not,  saponifiable  ; 
on  reduction,  the  nitrogen  of  the  former  does  not,  while  that 
of  the  latter  does,  remain  with  the  radicals,  yielding  amines. 
There  are  two  similar  nitro-amylic  compounds. 

Nitrite  of  methyl,  CH3—0—N  =  0.      Nitro-methane,  CHj— N^q 

Nitrite  of  ethyl,     C2H5— 0— N  =  0.     Nitro-ethane,    C2H5— N^q 

Nitrite  of  amyl,    C5Hn— 0-N  =  0.    Nitro-pentane,  CsHn— N^° 


Acetic  Ether,  or  Acetate  of  Ethyl. 

Acetate  of  Ethyl,  or  Acetic  Ether  CH3-COOC2H5,  or 
C2H5C2H302.— To  a  little  dried  acetate  of  sodium,  in  a  test- 
tube,  add  a  small  quantity  of  rectified  spirit  of  wine  and 
some  sulphuric  acid.  Adapting  a  long  bent  tube  in  the 
usual  manner,  heat  the  test-tube  and  so  distil  over  acetic 
ether— which  maybe  collected  in  another  test-tube  kept  cool 
by  partial  immersion  in  cold  water. 

The  official  proportions  (jEtherAceticus,  B.P.)  are  :  rectified 
spirit,  m  fluid  ounces  ;  sulphuric  acid,  32^  fluid  ounces ;  ace- 
tate of  sodium,  40  ounces;  carbonate  of  potassium,  freshly 
dried  6  ounces.    To  the  spirit  slowly  add  the  acid,  keeping 
the  fluid  cool,  and  the  product  being  cold,  add  the  acetate 
mixing  thoroughly.    Distil  forty-five  fluid  ounces  Digest 
the  distillate  with  the  carbonate  of  potassium  for  three  days 
in  a  stoppered  bottle.    Separate  the  ethereal  fluid,  and  again 
distil  until  all  but  about  four  fluid  ounces  have  passed  over. 
Preserve  the  resulting  acetic  ether  in  a  well-closed  bottle  and 
in  a  cool  place.    It  is  a  colourless  liquid  with  an  agreeable 
ethereal  odour.    Specific  gravity,  about  0-900.   Boiling  point, 
about  166°  F.  (74-4°  C).    Soluble  in  all  proportions  in  recti- 
fied spirit  and  in  ether.    One  part,  by  weight,  dissolves  m 
about  10  parts  of  water  at  60°  F.  (15-5°  C). 
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C2H5OH    +    CH3-CO-ONa    +  H2S04 

Hydrate  of  Acetate  of  Sulphate  of 

ethyl.  sodium.  hydrogen. 

=    CH3COOGjH5      +      NaHS04       +  HOH 

Acetate  of  Sulphate  of  sodium       Hydrate  of 

ethyl.  and  hydrogen.  hydrogen. 

Acetate  of  Amyl,  CH3-C(>OC5Hn,  or  CX0HnC2H3O3.  (Fousel 
oil,  or  ordinary  amylic  alcohol,  is  a  mixture  of  two  or  more 
alcohols  derived  from  pentane,  but  the  derivatives  may  be 
simply  termed  amyl  compounds ;  vide  Pentylic  or  Amylic 
Alcohol  in  Index.) 

To  a  small  quantity  of  amylic  alcohol  in  a  test-tube  add 
some  acetate  of  potassium  and  a  little  sulphuric  acid,  and 
warm  the  mixture ;  the  vapour  of  acetate  of  amyl  is  evolved, 
recognised  by  its  odour,  which  is  that  of  the  jargonelle  pear. 
If  a  condensing  tube  be  attached,  the  essence  may  be  dis- 
tilled over,  washed  by  agitation  with  water,  to  free  it  from 
alcohol,  and  separated  by  a  pipette. 

CH,-CO-OK    +    C5HuOH    +  H2S04 

Acetate  of  Amylic  Sulphuric 

potassium.  alcohol.  acid. 

=    CH3-CO-OC5Hu    +    KHS04    +  H20 
Acetate  of  Acid  sulphate  Water, 

amyl.  of  potassium. 

Fruit-essences. — Acetate  of  amyl,  prepared  with  the  proper 
equivalent  proportions  of  constituents,  as  indicated  by  the 
above  equation,  is  largely  manufactured  for  use  as  a  flavour- 
ing agent  by  confectioners.  Valerianate  of  amyl  (C5Hn 
C5H902)  is  similarly  used  under  the  name  of  apple-oil. 
Butyrate  of  ethyl  (C2H5C4H702)  closely  resembles  the  odour 
and  flavour  of  pine-apple  ;  oenanthylate  of  ethyl  (C2H5C7H1302) 
recalls  greengage;  pelargonate  of  ethyl  (C2H5C9H1702) 
quince  ;  suberate  of  ethyl  (C2H5C8H120,,.)  mulberry  ;  sebacate 
of  ethyl  (C2H5C10HlcO.,.)  melon.  Salicylic  aldehyde  (the  old 
salicylol  or  "salicylous  acid),  Cr,H4-OirCOH,  is  the  essential 
oil  of  meadow  sweet  (Sjnrcea  ulmaria),  and  may  be  prepared 
artificially  by  the  oxidation  of  salicin  (vide  Index  "  Salicin  ")• 
Acid  salicylate  of  methyl  (CH3HC7H403),  or  gaultheric  acid, 
forms  the  chief  part  of  the  essential  oil  of  winter-green 
(Gaultheria  procumbens,  the  fresh  leaves  of  which  yield  about 
0-4  per  cent,  of  oil).  Oil  of  sweet  birch  (Betula  lento)  is 
salicylate  of  methyl.    Salicylic  aldehyde  may  also  be  pre- 
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pared  artificially  by  heating  chloroform  and  sodium  phenol. 
Salicylic  acid  (C6H4'OH-COOH)  can  be  obtained  from  the 
salicylate  of  methyl,  but  more  cheaply  from  carbolic  acid. 

By  mixing  such  ethereal  salts  (alkyl  salts  or  esters  ;  vide 
Index)  with  each  other  and  with  essential  oils  in  various 
proportions,  the  odour  and  flavour  of  nearly  every  fruit  may 
be  fairly  imitated.  (For  a  set  of  formulae  of  fruit-essences, 
see  Pharmaceutical  Journal,  May  17,  1879). 

Nitrite  of  Amyl. 

Nitrite  of  Amyl  {Amyl  Nitris,  B.P.)  (C5HnN02).  This 
may  be  prepared  on  the  large  scale  by  the  direct  action  of 
nitric  acid  on  amylic  alcohol,  the  nitric  acid  being  reduced 
to  nitrous  by  a  portion  of  the  alcohol,  and  valerianic  aldehyd 
with  valerianic  acid  being  produced.  The  heat  must  be  very 
carefully  regulated,  or  the  reaction  may  become  extremely 
violent;  indeed,  with  small  quantities  a  violent  explosion 
may  occur.  Tor  experimental  purposes  it  is  preferable  to 
pass  nitrous  gases,  generated  by  the  action  of  nitric  acid  on 
white  arsenic  or  on  starch,  into  the  amylic  alcohol  (kept  cool 
by  standing  the  vessel  in  cold  water)  until  the  alcohol  is 
saturated.  The  product  is  shaken  with  an  aqueous  solution 
of  hydrate  or  carbonate  of  potassium  to  remove  free  acids, 
and  the  oily  liquid  then  separated  and  distilled.  The  portion 
distilling  between  205°  F.  and  212°  F.  is  the  nitrite  of  amyl. 

The  official  nitrite  of  amyl  is  a  yellowish  ethereal  liquid  ; 
sp.  gr.  of  liquid  0-902,  of  vapour  4"03  ;  boiling-point,  205°  F. ; 
soluble  in  spirit  of  wine,  insoluble  in  water ;  converted  by 
fused  caustic  potash  into  valerianate  of  potassium  :  exposed 
to  the  air,  it  yields  amylic  alcohol.  If  of  good  quality  (for 
physiological  purposes,  although  perhaps  not  chemically 
pure),  about  70  per  cent,  will  distil  between  194°  and  212 
F.  (90°  to  100°  C),  the  bulb  of  the  thermometer  being  in  the 
vapour  and  not  touching  the  residual  fluid. 

The  official  and  commercial  varieties  of  "  nitrite  of  amyl 
are  well  known  to  be  only  "  chiefly"  (B.P.)  real  nitrite  of 
amvl  Since  the  British  Pharmacopoeia  was  published,  tlie 
staff  of  the  Research  Laboratory  of  the  Pharmaceutical 
Society  have  shown  that  the  fluid  may  contain  the  nitrites  ot 
both  alpha-amyl  and  beta-amyl,  nitrite  of  >  iso-butyl  and 
nitrite  of  propyl,  and  have  furnished  specimens  of  these 
substances  to  Professor  Cash,  who  finds  that  their  physio. 
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logical  action  is  not  primarily  dependent  on  the  amount  of 
their  nitrosyl.  These  nitrites  are,  of  course,  derived  from 
the  corresponding  hydrates  (see  pp.  534  and  535)  present  m 
the  amylic  alcohol. 

Nitropentane  (03HuNOs)  is  similar  to  nitrite  of  amyl  m 
composition,  but  differing  much  in  properties.  It  is  obtained 
by  reaction  of  iodide  of  amyl  on  nitrite  of  silver.  It  boils  at 
300°  to  320°  F.  For  remarks  made  respecting  the  two  simi- 
lar derivatives  of  ethane,  see  page  483.) 


QUESTIONS  AND  EXERCISES. 

How  would  you  prepare  methane  and  ethane  ?  Give  formula;.— Give 
details  of  the  production  of  chloroform  from  alcohol,  tracing  the  various 
steps  by  equations.— Give  the  formulte  and  state  the  constitution  of  the 
various  chlorine  derivatives  of  methane.— How  is  chloroform  purified?— 
State  the  characters  of  pure  chloroform.— Explain  the  official  process  for 
the  preparation  of  nitrous  ether.— Give  the  properties  of  nitrous  ether  as 
compared  with  nitro-ethane.— By  what  official  method  is  the  strength  of 
spirit  of  nitrous  ether  to  be  estimated  ?— How  is  iodide  of  ethyl  made  ?— 
Mention  the  systematic  names  of  several  artificial  fruit-essences.— What 
is  the  formula  of  nitrite  of  amyl,  and  how  is  it  prepared  ? 


THE  OLEFINE  SERIES  OF  HYDROCARBONS. 

The  define  series  of  Hydrocarbons  consists  of  unsaturated 
hydrocarbons,  having  the  general  formula,  CnH2u.  Ethylene, 
C2H4;  Propylene,  C3H6 ;  Butylene,  C4H8 ;  Amylene,  C5H10; 
Hexylene,  C6H12;  and  Hephjlene,  C7H14;  and  many  others 
are  well  known. 

Ethylene,  Olefiant  Gas,  or  Heavy  Carburetted  Hydrogen, 
C3H4,  is  the  first  of  this  series.  It  is  formed  in  the  destruc- 
tive distillation  of  coal,  and  is  the  chief  illuminating  con- 
stituent of  coal-gas.  Coal  gas  consists  of  30  to  40  per  cent, 
of  methane,  40  to  50  per  cent,  of  hydrogen,  and  from  5  to  7 
per  cent,  of  ethylene  and  its  homologues.  Hydrocarbons, 
normally  fluid  but  kept  in  the  vaporous  condition  by  the 
diluents,  also  contribute  materially  to  the  illuminating  power 
of  gas.  The  impurities  are  nitrogen,  air,  carbolic  acid,  bi- 
sulphide of  carbon  (CS2)  and  some  badly  smelling  sulphur 
compounds.  Upwards  of  -150  distinct  chemical  substances 
have  been  obtained  from  the  solid,  liquid,  and  gaseous  pro- 
ducts of  the  destructive  distillation  of  coal. 
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Preparation. — Ethylene  may  be  prepared  by  dropping  alco- 
hol into  a  large  retort  or  flask  containing  10  ounces  of  sul- 
phuric acid  and  3  ounces  of  water  heated  to  160-165°  C.  The 
gas  is  washed  in  cold  water  and  a  solution  of  soda  to  free  it 
from  ether,  alcohol,  and  sulphurous  acid : 

C2H5OH    +    H8S04    =    CaH5HS04    +  OH, 
Alcohol.  Sulphuric       Echylhydrogen  Water, 

acid.  sulphate. 

The  product,  when  further  heated,  yields  ethylene, — 

C3H5HSO„  =  C3H4  +  H2S04. 

If  the  ethylene  be  passed  into  bromine  under  water  until 
all  the  bromine  disappears,  ethylene  dibromide,  CjH^Brg,  or 
dibrom-ethane,  will  be  formed.  For  constitution,  see  page 
468. 

Properties. — A  colourless  and  odourless  gas,  burning  with 
a  luminous  flame. 

Ethylene  Sulphate,  C2H4S04,  is  said  to  be  contained  in  the 
Spiritus  jEthcris  Compositus,  B.P.,  a  solution  of  3  volumes  of 
heavy  oil  of  wine  in  64  of  ether  and  128  of  rectified  spirit. 
The  so-called  "  heavy  oil  of  wine"  is  obtained  by  digesting 
spirit  of  wine  and  sulphuric  acid  together,  then  distilling, 
removing  any  acid  from  the  distillate  by  washing  with  lime- 
water,  and  exposing  the  ethereal  fluid  to  the  air  to  facilitate 
escape  of  the  more  volatile  fluids.  The  product  is  a  mixture 
consisting  probably  of  ethylene  sulphate,  ethyl  sulphate, 
ether,  dissolved  ethylene,  and  other  bodies. 

Glycols.— The  olefines  form  corresponding  dihydric  alcohols 
or  glycols  (named  from  glycol,  the  first  member  of  the  series), 
and  these  give  two  sets  of  aldehydes  and  acids.  (See  also 
p.  543.)   Thus  — 

CHaOH  COH 

CHjOH  COH  COH 

I  Glycollic  Glyoxnl  or 

CH2OH  aldehyde.  Oxalic  aldehyde. 

Glycol.  CH„OH  COOH 

(JoOH  COOH 
Hydroxy  acetic  acid,  Oxalic  acid, 

or  glycollic  acid. 
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Relation  op  Paraffins  to  Olefines. 

1st.  The  paraffins  may  be  converted  into  olefines  either  by 
acting  on  alcohols  of  the  paraffin  series  by  sulphuric  acid, 
or  by  acting  on  a  monochloro-paraffin  by  caustic  potash. 

C2H5C1  +  KHO  =  C2H4  +  KC1  +  FLO. 
Monochlorethane.  Ethylene. 

Inversely,  the  olefines  may  be  converted  into  paraffins. 
By  combining  an  olefine  with  hydrochloric  acid  a  mono- 
chloro-paraffin results,  which,  when  acted  on  by  nascent 
hydrogen,  yields  a  paraffin. 

C2H4  +  HC1  =  C2H5C1 
Ethylene.  Monochlorethane. 

2C2H5C1  +  2H2  =  2C2H6  +  2HC1 
Monochlorethane.  Ethane. 

2nd.  The  bromine,  chlorine,  and  iodine  additive  derivatives 
of  the  olefines,  are  either  identical  or  isomeric  with  the  sub- 
stitution derivatives  of  the  paraffins.   Thus  C2H4C12  is  either 
dichlorethane  or  ethylene  chloride  ;  and  the  additive  deriva- 
tives with  the  acids,  such  as  hydrochloric,  produce  mono- 
substitution  derivatives  of  the  paraffins.    In  the  case  of  the 
chloride,  however,  OJH4Cl8l  it  has  a  different  boiling  point 
and  specific  gravity,  according  as  it  is  prepared  from  ethyl- 
ene and  chlorine  {chloride  of  ethylene,  alpha-dichlorethane;or 
the  old  "Dutch  liquid  "),  or  from  monochlorethane  (chloride 
of  ethyl)  and  chlorine  (chloride  of  monochlorethyl,  beta- 
dichlorethane,  or  chloride  of  ethylidene).   The  former  may  be 
represented  by  the  formula  CH3C1-CH2C1,  and  the  latter  as 
CHo-CHCL.    It  is  the  former  also  which  yields  glycol  (by 
reaction  of  the  chloride  with  silver  acetate,  and  of  the 
resulting  ethylene  acetate  with  an  alkaline  hydrate),  hence 
the  formula  of  the  glycol  also  must  be  CH„OHOH2Utt, 
and  not  CH3-CH(OH)2  :— 

CH2C1  CH8OH 

CH  CI  CHjOH 
Ohlorido  of  ethylene.  1  l.y.lvate  of  ethylene. 

(Dutch  liquid.)  (Glycol.) 
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THE  ACETYLENE  SERIES  OF  HYDROCARBONS. 

The  members  of  the  acetylene  series,  CnH2n_2,  are  charac- 
terized by  forming  metallic  derivatives.  Acetylene  itself, 
C2H2,  is  formed  during  the  passage  of  electric  sparks  between 
carbon  points  in  an  atmosphere  of  hydrogen ;  it  is  the  only 
member  which  can  be  formed  directly  from  its  elements. 
Other  members  of  the  series  are  Allylene,  C3H4 ;  Crotonylene, 
C4H6 ;  etc.  The  hydroxyl  derivative  of  allylene,  known  as 
propargyl  alcohol,  has  the  formula  C3H3OH. 

Preparation. — Acetylene  may  be  obtained  by  heating  ethy- 
lene bromide  (dibromethane)  with  caustic  potash,  and  pass- 
ing the  gas  into  a  well-cooled  ammoniacal  solution  of  cuprous 
chloride,  with  which  it  reacts,  forming  a  red  precipitate, 
probably  having  the  formula  C2H2Cu20  (Blochmann),  called 
cuprous  acetylide.  The  pure  acetylene  gas  may  be  obtained 
from  the  copper  compound  by  heating  with  hydrochloric 
acid.  Acetylene  is  yielded  in  a  steady  stream  when  water 
is  dropped  on  to  carbide  of  barium.  Acetylene  is  also  formed 
by  the  incomplete  combustion  of  coal  gas,  as  when  an  air- 
gas  burner  is  lighted  below.  It  has  an  unpleasant  odour, 
well  known  in  every  chemical  laboratory  in  which  air-gas 
lamps  are  used. 


QUESTIONS  AND  EXERCISES. 

What  are  the  properties  of  ethylene,  and  how  is  it  prepared  ? — What 
alcohols  are  derived  from  the  olefine  series  ? — Mention  the  relations 
between  the  paraffins  and  defines. — Give  three  methods  of  preparing 
acetylene. 


THE  TERPENE  SERIES  OF  HYDROCARBONS. 

The  terpene  series  have  the  general  formula,  CnH2„_4. 
Valylene,  C5HG,  is  the  lowest,  and  terebenthenc  or  pinene 
C10H1G,  (pure  oil  of  turpentine),  the  most  common  member  of 
the  series. 

The  hydrocarbons,  called  terpenes,  C10H1G,  are  very  com- 
monly met  with  in  analysing  the  volatile  oils.  Very  few  of 
these  oils  have  been  artificially  produced.  Their  fragrance 
appears  to  be  due  to  the  non-terpenoid  constituent  (Wallach). 
They  differ  from  one  another  in  the  power  of  deviating  a  ray 
of  polarized  light  to  the  right  or  left.    They  may  be  divided 
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into  classes,  of  which  several  are  interesting  in  pharmacy : 
(a)  Terpenes  or  pinenes,  boiling  at  about  156°  C,  and  found 
in  ordinary  turpentine  and  other  oils  ;  (b)  sylvestrene,  found 
in  Russian  and  Swedish  turpentine ;  (c)  phellandrene, 
laevorotatory  from  phellandrium  aquaticum,  and  dextroro- 
tatory from  eucalyptus  oil  (page  498),  boiling  point  170°  C. ; 
(d)  citrenes  (limonenes),  boiling  at  about  175°  C,  and  derived 
from  the  different  species  of  citrus ;  (e)  di-pentene,  found  in 
some  turpentines  and  oils  of  camphor  and  elemi ;  (f)  ter- 
pinene,  occurring  in  oil  of  cardamoms.  Camphene,  fenchene 
and  terpinolene  are  terpenes,  but  do  not  occur  naturally  in 
oils.  The  sesquiterpenes  have  the  formula  C^H^  and  in- 
clude cadinene,  found  in  oils  of  cubebs,  savin,  cade,  betel, 
camphor,  galbanum,  patchouli,  juniper,  asafoetida,  colo,  and 
olibanum ;  caryophyllene,  found  in  oil  of  cloves,  and  other 
isomers  of  these.  They  boil  at  a  much  higher  temperature 
than  the  terpenes,  but  resemble  them  in  other  respects. 

Oil  of  Turpentine  {Oleum  Terebinthinoe,  B.P.).  Turpen- 
tine itself  is  really  an  oleo-resin  of  about  the  consistence  of 
fresh  honey.  It  flows  naturally  or  by  incision  from  the  wood 
of  most  coniferous  trees;  larch  (Pinus  Larix)  yielding 
Venice  turpentine,  Abies  balsamea  furnishing  Canadian 
Turpentine  or  Canada  Balsam  (Terebinthina  Canadensis, 
B.P.),  the  bark  of  Pistachia  terebinthus,  the  variety  termed 
Chian  Turpentine  (containing  about  1  part  of  essential  oil  to 
7  of  resin),  and  the  Pinus  australis  [palustris),  P.  abies,  P. 
pinaster  and  P.  taida,  affording  the  common  American 
Turpentine.  Pinus  maritima  gives  the  French  or  Bordeaux 
Turpentine,  and  P.  picea  the  old  fragrant  Strasburg  Turpen- 
tine. By  distillation  with  steam,  this  crude  turpentine  is 
separated  into  colophony,  rosin,  or  resin,  which  remains  in 
the  still,  and  essential  oil  of  turpentine,  often  termed  simply 
turpentine,  spirit  of  turpentine,  or  "turps,"  which  distils 
over.  Mixed  with  alkali  to  saturate  resinous  acids,  and 
redistilled  in  a  current  of  steam,  oil  of  turpentine  furnishes 
about  80  per  cent,  of  rectified  oil  of  turpentine.  Pinus 
sylvestris  and  P.  Ledebourii  furnish  Russian  turpentine, 
which,  according  to  Tilden,  consists  of  two  terpenes  and 
cvmene;  and  also  (Wallach)  a  lsevogyre  limonene.  I  his 
turpentine  is  probably  a  by-product  in  the  preparation  of 
common  wood  tar  (Pix  Liquida,  B.P.);  its  odour  is  very 
pleasant,  quite  different  from  that  of  ordinary  turpentine. 
The  leaves  of  the  Pinus  sylvestris,  or  Scotch  fir,  are  m 
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Germany  broken  down  to  a  woolly  condition,  producing  Pine 
Wool  or  Fir  Wool,  or  wadding  used  in  making  vermin- 
repelling  blankets;  and  this  substance,  or,  still  better,  the 
fresh  leaf,  by  distillation  with  water,  yields  Fir-Wool  Oil 
{Oleum  Pint  Sylvestris,  B.P.),  consisting,  according  to  Tilden, 
of  two  terpenes,  like  those  of  Russian  turpentine,  and  cy- 
mene.  This  oil,  diffused  through  water  by  aid  of  magnesia, 
forms  the  Vapor  Olei  Pint  Sylvestris,  B.P.  The  terpene  of 
Bordeaux  turpentine  (terebenthene)  rotates  a  ray  of  polarized 
light  more  than,  and  in  the  opposite  direction  to,  the  terpene 
of  American  turpentine. 

Turpentine  "  commences  to  boil  at  about  320°  F.  (160°  C.) 
and  almost  entirely  distils  below  356°  F.  (180°  C),  little  or 
no  residue  remaining,"  whereas  petroleum  spirit,  with  which 
turpentine  might  be  mixed,  covers  much  wider  limits  of 
temperature  during  its  distillation.  Petroleum  spirit  also, 
when  the  small  round  flame  of  the  end  of  a  piece  of  twine 
is  brought  near  to  some  of  the  spirit  in  a  cup,  gives  a  momen- 
tary flash  of  flame  at  a  much  lower  temperature  than  that 
at  which  turpentine  flashes.  Thus  tested  in  the  specially 
arranged  flashing  apparatus  of  the  Petroleum  Act,  Mr. 
Boverton  Redwood  found  that  the  flashing  point  of  turpen- 
tine was  lowered  10  degrees,  Fahrenheit,  by  1  per  cent,  of 
petroleum  spirit.  The  specific  gravity  of  oil  of  turpentine  is 
from  about  0-855  to  0-870. 

Under  the  influence  of  heat  and  sulphuric  acid  or  other 
chemical  agents,  pure  oil  of  turpentine  (010H16)  yields  many 
derivatives  of  considerable  chemical  interest.  Amongst 
them  are  two  optically  inactive  terpene  isomers  named  tere- 
bene  and  colophene,  used  for  inhalation  and  as  disinfectants 
and  deodorizers.  When  acted  on  by  gaseous  hydrochloric 
acid,  the  product  is  a  white  crystalline  monohydrochloride, 
C10H16HC1.  Bromine  acts  violently  on  turpentine  and  ter- 
penes, resulting  in  dibromides  which  yield  cymene  when 
heated,  C10H16Br2  =  C10HU  +  2HBr.  Crystals  of  terpin 
hydrate,  C10H18(OH)2,H2O,  also  terpinol,  (C10H1(;)2,H2O,  are 
used  therapeutically  instead  of  terebene. 

Volatile  Oils. 

The  Volatile  or  Essential  Oils  exist  in  various  parts  of 
plants.  They  usually  are  mixtures  of  the  liquid  hydrocarbons 
or  elosoptens  (from  «Aatov,  elaion,  oil,  and  (Wo/mi,  optomai,  to 
see)  with  oxidized  hydrocarbons,  which  are  commonly  solid 
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or  camphor-like  bodies  termed  stearoptens  (from  a-reap,  stear, 
suet),  and  which  on  cooling  often  crystallize  out;  or  on 
distilling  an  oil  the  stearopten  may  remain  in  the  retort, 
being  less  volatile  than  the  elseopten.  The  oils  are  also  often 
associated  with  further  oxidized  bodies  termed  resins. 

The  process  by  which  volatile  oils  are  usually  obtained 
from  herbs,  flowers,  fruits,  or  seeds,  may  be  imitated  on  the 
small  scale  by  placing  the  material  (bruised  cloves  or  cara- 
ways, for  instance)  in  a  tubulated  retort,  adapting  the  retort 
to  a  Liebig's  condenser,  and  passing  steam,  from  a  Florence 
flask,  through  a  glass  tube  to  the  bottom  of  the  warmed  re- 
tort. The  steam  in  its  passage  through  the  substance  will 
carry  the  particles  of  oil  over  the  neck  of  the  retort  into  the 
condenser,  and  thence,  liquefied  and  cooled,  into  the  receiv- 
ing vessel,  where  the  oil  will  be  found  floating  on  the  water. 
It  may  be  collected  by  running  off  the  distillate  through  a 
glass  funnel  having  a  stopcock  in  the  neck,  or  by  letting 
the  water  from  the  condenser  drop  into  an  old  test-tube 
which  has  a  small  hole  in  the  bottom,  or  any  similar  tube 
placed  in  a  larger  vessel,  the  water  and  oil  being  sub- 
sequently run  off  separately  from  the  tube  as  from  a  pipette. 
The  water  will  in  most  cases  be  the  ordinary  official  medi- 
cated water  of  the  material  operated  on  (Aqua  Anethi,  Anisi, 
Aurantii  Floris,  Carui,  Cinnamomi,  Fceniculi,  Mentha 
Piperita;,  Mentha  Viridis,  Pimentos,  Rosa;— horn  Rosa; 
Centifolice  Petala,  B.V.—Sambuci).  Volatile  oils,  like  fixed 
oils,  stain  paper  ;  but  the  stain  of  the  former  is  not  perma- 
nent like  that  of  the  latter.  Oils  of  lemon  and  orange 
are  sometimes  obtained  by  mere  pressure  of  the  rind  of  the 
fruit. 

The  presence  of  alcohol  in  an  essential  oil  may  be  detected 
and  its  quantity  estimated  by  shaking  with  an  equal  bulk 
of  pure  glycerine.  The  latter  dissolves  the  alcohol,  and 
is  augmented  in  volume  according  to  the  amount  of  alco- 
hol present  (Boettger).  (For  tests  for  alcohol,  see  Index, 
"  Alcohol.") 

A  large  number  of  volatile  oils  are  employed  in  medicine, 
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either  in  the  pure  state,  in  the  form  of  saturated  aqueous 
solution  (medicated  waters),  solution  in  spirit  of  wine,  1  in  5 
(Essentia  Anisi  and  Essentia  Mentha;  Piperita},  B.P.)  and  1 
in  50  (Spiritus  Cajuputi,  Cinnamomi,  Juniper i,  Lavandula;, 
Mentha;  Piperita;,  Myristicce,  Rosmarini),  or  as  leading  con- 
stituents in  various  barks,  roots,  leaves,  etc.  Perfumes 
("scents"  or  "essences,"  including  "lavender-water"  and 
"  eau  de  Cologne  ")  are  for  the  most  part  solutions  of  essen- 
tial oils  in  spirit  of  wine,  or  spirituous  infusions  of  materials 
containing  essential  oils.  The  following  oils  are,  directly  or 
indirectly,  official  in  the  Pharmacopoeias*: — 1.  Volatile  oil 
of  Bitter  Almond  (vide  Index).  2.  Oil  of  the  fruits  of  Ajioain 
or  Omum,  Carum  Ajoivan,  or  Ptychotis  Ajoivan  (Fructus 
Ptychotis,  P.I.),  contains  cymol  or  cymene  (C10H14),  and  a 
stearopten  (Ajioainka-phul,  flowers  of  ajwain)  identical 
with  thymol,  C10H140.  3.  Oil  of  Dill  (Oleum  Anethi,  B.P.), 
a  pale,  yellow,  pungent,  acrid  liquid  distilled  from  dill-fruit ; 
it  contains  a  hydrocarbon,  anethene  (010H16),  and  an  oxidized 
oil  (C10HuO)  identical  with  the  carvol  of  oil  of  caraway 
(Gladstone).  4.  Oil  of  Aniseed  (Oleum  Anisi,  B.P.),  a  colour- 
less or  pale  yellow  liquid,  of  sweetish  warm  flavour,  distilled 
in  Europe  from  the  anise  fruit  (Pimpinella  Anisum),  but 
chiefly,  in  China,  from  the  fruit  of  star-anise  (lllicium 
Anisatum) ;  it  is  a  mixture  of  a  hydrocarbon  isomeric  with 
oil  of  turpentine  and  anethol,  a  stearopten  (C10H12O)  which 
crystallizes  out  at  low  temperatures.  The  melting  point  of 
anethol  is  between  74°  and  75°  F.  (Fluckiger).  The  congeal- 
ing point  of  the  natural  oils  appears  to  be  dependent  on  the 
proportion  of  the  fluid  to  the  solid  constituent,  a  very  small 
quantity  of  the  former  lowering  the  congealing  and  melting 
points  very  considerably.  5.  Oil  of  Chamomile :  (Oleum  Anthe- 
midis,  B.P.),  a  bluish  or,  when  old,  yellow  oil,  of  characteristic 
odour  and  taste,  distilled  from  chamomile-flowers  (Anthemidis 
Flores,  B.P.).  The  official  variety  (Anthemis  nobilis)  yields 
about  02  per  cent,  of  an  oil  composed  of  a  hydrocarbon  (C10H16) 
and  an  oxidized  portion  (C10H16O2)  which,  heated  with  potash, 
gives  any  elate  of  potassium  (KC5H702),  whence  is  obtained 
angelic  acid  (HC5H702).  According  to  Demarcay,  Kopp,  and 
Kobig,  the  oil  is  a  mixture  of  the  angelates  of  butyl  and  amyl 
and  similar  bodies.  Naudin  has  also  obtained  from  chamo- 
miles anthemen,  a  hydrocarbon  crystallizing  in  needles.  The 

*  The  student  is  not  expected  to  remember,  but  to  understand,  all  that 
follows  respecting  the  volatilo  oils. 
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flowers  of  another  variety  {Matricaria  Chamomilla)  contain 
a  stearopten  (C10H16O)  having  the  composition  of  laurel- 
camphor.    6.  Oil  of  Horse-radish  root  (Armoraciat  Radix, 
B.P.)  is,  according  to  Hofmann,  the  sulphocyanate  of  butyl 
or  tetryl  (C4H9CNS)  :  it  is  the  chief  active  ingredient  of  . 
Spiritus  ArmoracAm  Compositus,  B.P.    7.  Oil  of  Bitter- 
Orange  rind  (Aurantii  Cortex,  B.P.,  Aurantii  Fructus,  BP.), 
the  flavouring  constituent  of  the  official  syrup  of  the  peel 
(Syrupus  Aurantii,  B.P.),  and  the  oils  of  various  species 
of'  Citrus  ;  namely  :— 8.  Lemon  (Oleum  Limonis,  BP.,  from 
Limonis  Cortex,  B.P.);  9.  Lime;  10.  Bergamot  ;  11.  Citron 
and  a  variety  of  citron  termed  cedra,  resemble  each  other 
in  composition,  all  containing  hesperidene,  a  hydrocarbon 
(Ci.HoA  and  a  small  quantity  of  oxidized  hydrocarbons 
fC10H10O5,  C15H160,  and  (Wright  and  Piesse)  C20H,0O3],  etc. 
TMen  states  that  lemon  oil  distilled  from  the  fresh  peel 
consists  chiefly  of  a  terpene,  C10H16,  boiling  at  176°C.,  with 
small  quantities  of  a  terpene  boiling  below  160  ,  and  a 
hydrous  terpene,  the  odour  of  the  oil  being  due  to  the 
mixture.    Oil  of  bergamot  appears  to  owe  its  fragrance  to  40 
or  50  per  cent,  of  linalool  acetate,  Ci0H17C2H3O3.    It  also 
contains  a  stearopten,  bercapten,  C12H804.    Expressed  lime 
essence  contains  a  soft  resin.    12.  Oil  of  Neroli,  or  Orange- 
Flower,  the  aqueous  solution  of  which  is  official  in  the  torms 
of  water  (Aqua  Aurantii  Floris,  B.P.)  and  syrup  (Syrupus 
Aurantii  Floris,  B.P.),  contains  a  fragrant  hydrocarbon 
(C1nH1fi),  colourless  when  fresh,  but  becoming  red  on  exposure 
to  light,  and  an  inodorous,  oxidized  hydrocarbon.  Strong 
acidst  especially  nitric,  attack  the  oil  in  orange- flower  water, 
colouring  the  fluid  of  a  rose  tint.    13.  Oil  of  Petit  Grain, 
distilled  from  the  leaves  and  shoots  of  the  orange-tree,  con- 
sLtschfeflyof  aurantiol  acetate^^C^.  U.  The  leaves 
of  Boldo  (PeumusBoldus),  a  Chilian  shrub  (tome  and  hepatic), 
vield  two  per  cent,  of  essential  oil  (and,  according  to  Bourgon 
Td  VerneP,  an  alkaloid,  boUine)    15  Oil I  of 
(Buchu  Folia,  B.P.)  consists  chiefly  of  a  fluid  oil,  ^kvH-is^, 
holding  in  solution  a  crystalline  stearopten,  diospheno  , 
(ChH2?0,  Miickiger  ;  C10H16O2,  Spio^^X  /S 
16  Oil  of  Cannabis  indica,  see  page  505.    17.  Oil  of  (the 
lesser)  Cardamoms,  from  the  seeds  of  the  capsules  (Carda- 
momiSemina,  B.P.),  is  chiefly  a  ty^™  W 
isomeric  with  oil  of  turpentine  (terpilene  and  probably 
iim^nene)  and  a  camphor  resembling  turpentine-camphoi 
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(C10H163H2O).  18.  Oil  of  Cajuput  (Oleum  Cajuputi,  B.P.) 
is  a  mobile  bluish  liquid,  consisting  of  hydrous  cajuputene 
or  cajuputol  (C^H^,  H30) ;  cajuputene,  C10H16  ;  cineol, 
C10H17OH  ;  a  sesquiterpene,  C15H24  ;  as  well  as  butyric, 
valeric  and  benzoic  aldehydes.  The  latter,  repeatedly  distilled 
from  phosphoric  anhydride,  yields  cajuputene  itself  (C10H16), 
which  has  the  odour  of  hyacinths.  Fresh  cajuput-oil  has  a 
green  hue,  which  is  perhaps  transient,  for  the  colour  of  the 
oil  of  trade  is  due  to  copper  (Gruibourt  and  Histed) :  cer- 
tainly the  green  colouring-matter  of  pure  cajuput-oil  is 
organic  and  either  oily  or  chlorophylloid.  19.  Oil  of  Caraivay- 
fruit  (Oleum  Carui,  B.P.,  from  Carui  Fructus,  B.P.)  is  a 
mixture  of  carvene  (C15H24)  and  carvol  (C10HuO).  20.  Oil 
of  Cloves  (Oleum  Caryophylli,  B.P.)  and  of  Pimento  (Oleum 
Pimentce,  B.P.),  both  heavier  than  water,  contain  a  liquid 
hydrocarbon  (C15H24),  eugenol  (O10H13O2),  a  solid  body, 
eugenin,  isomeric  with  the  eugenic  acid,  a  second  crystalline 
substance,  caryophyllin  (C10H16O),  isomeric  with  common 
camphor,  and  a  salicylic  compound.  21.  Oil  of  Cascarilla- 
bark  (Cascarillce  Cortex,  B.P.)  has  not  been  fully  examined. 
22.  Oil  of  Cinnamon-bark  (Cinnamomi  Cortex,  B.P.)  and  of 
Cassia-bark  is  mostly  cinnamic  aldehyde  (C8H7COH).  Boiled 
with  nitric  acid,  it  furnishes  benzoic  aldehyde  (C6H5COH) 
and  benzoic  acid  (C6H5COOH),  with  chloride  of  lime  it  yields 
benzoate  of  calcium  (C6H5COO)2Ca,  and  with  caustic  potash 
gives  cinnamate  of  potassium"  (C8H7COOK).  The  specific 
gravity  of  oil  of  cinnamon  (Oleum  Cinnamomi,  B.P.)  varies 
from  1-025  to  1-050.  23.  Oil  of  Citronella,  a  Grass  Oil,  from 
Andropogon  nardus,  is  chiefly  composed  of  citronellol 
(C10H16O  and  C10H180,  Wright),  probably  isomeric  with  the 
absinthol  of  wormwood  (Gladstone).  Kremer  also  obtains 
heptoic  aldehyde  (C7HuO),  a  terpene  (C10Hlfi),  etc.  24.  Oil  of 
Copaiva  (Oleum  Copaibce,  B.P.)  and,  25,  of  Cubebs  (Oleum 
Cubebce,  B.P.)  are  hydrocarbons  having  the  formula  C15H2.j.. 
This  cubebene  is  sometimes  associated  with  a  camphor,  hydrous 
cubebene  (C15H2t,  H20).  Oil  of  cubebs  also  contains  a  small 
quantity  of  a  terpene  (C10H1G).  26.  Oil  of  Coriander  (Oleum 
Coriandri,  B.P.)  seems  to  have  the  composition  of  hydrous 
oil  of  turpentine  (C10H1(1,  H20).  27.  The  fruits  of  Cumin,  or 
Cummin  (Cuminum  Cyminum),  an  ingredient  of  many  curry- 
powders,  contain  about  3  per  cent.,  and  those  of  Water  Hem- 
lock or  Coicbane  (Cicuta  virosa)  about  1}  per  cent,  of  an 
essential  oil  composed  of  cymol  or  q/me«e(C10Hu),  and  cumic 
A.c.  K  K 
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aldehyde  (C9HnCOH).    The  latter  is  an  aldehyde  readily 
uniting  with  alkaline  bisulphites  and  by  oxidation  yielding 
cuminic  acid  (C9HnCOOH).    Cymol  also  occurs  in  Garden 
Thyme(Thymusvidgaris).  28.  Eucalyptus  globulus  furnishes 
eucalyptol  {Oleum  Eucalypti,  B.P.),  an  oil  the  more  volatile 
and  chief  portion  of  which  is  cymene  and  a  terpene  (L10i±u  + 
2CinHlfi)  phellandrene,  p.  492,  more  readily  alterable  than  other 
terpenes),  together  with  an  oxidized  portion,  C10H4U  and 
C1flHlflO,  and  an  oil  having  the  same  composition  ascajuputol 
and  as  the  chief  constituent  of  ivormseed  oil,  O10±ii8U  or 
C  PL,  HoO.    Different  species  of  eucalyptus  may  yield  oils 
differing  in  specific  gravity,  flavour  and  odour.  E.  maculata, 
var.  citriodora,  contains  an  aldehyde,  or  ketone,  similar  to 
that  of  citronella.    Like  the  turpentines  the  eucalyptus  oils 
are  good  solvents  of  resins.    Voiry  states  that  eucal yptol  is 
present  also  in  the  oil  of  Lavandula  spica,  oil  of  spike  or 
En"  oil  of  lavender.    Red  gum  (Eucalypti  Gummi 
BP  )  is  from  the  bark  of  E.  rostrata  and  other  species,  and 
fs  used  solely  for  its  astringent  properties   29.  Elecampane- 
root  tfnula  Selenium)  by  distillation  with  water  yields  solid 
volatile  helenin  (O0H8O),  a  camphor-oil  or  ^^10H,6O), 
w&inidic  anhydride  or  lactone  (C15H?0O2),  as  well  as,  accord 
ino-  to  Marpmann,  crystals  of  alanttc  acid  (01BHS2Us)  ana 
fluid  alattoHGl^O)  each  more  powerful  y  antiseptic  than 
helenin     30.  0  1  of  FenneUvuit  (Funiculi  Fructus  B.T>  ) 
S    in  odour,  but  contains  the  same  proximate  conBtatu^ta 
ni  oTl  of  anise    31.  Oil  of  Geranium,  or  Ginger  Grass  oil, 
Ztl^on  schvnanthu,  and  various  spoo * 

Semina  Cardamomi  Majoris,  contain 

P  w  O)  and  a  highly  pungent  principle,  teimed  by  liiiesn 
W'r?  n i  isomeric  with  the  capsaicin  of  the  same 
?hem  s  '  32a  Oli  STZScan  Pennyroyal  (Hedeorn^  U  S  P 

mol  (C10H  0),  and  ^^^^^3S^ 
substances  (Kremer) .  33.  Yl^p  S  f  which  by  contact 
P.  P    contains  a  hydrocarbon  (UmHifJ  wmou  u,y  o 

S^f  •  Sid 
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Fliickiger  and  Hanbury  found  it  to  be  chiefly  rnyristic  acid 
associated  with  a  little  essential  oil.  36.  Oil  of  Peppermint 
{Oleum  Menthce  Piperita?,  B.P.)  consists  of  a  hydrocarbon, 
menthene  (C10HJ8),  different  from  that  of  most  volatile  oils, 
depositing  crystalline  peppermint  camphor  known  as  men- 
thol, C10H18,  H20,  when  exposed  to  low  temperatures.  It  is 
official  {Menthol,  B.P.,  also  Emplastrum  Menthol,  B.P.),  and 
has  the  following  characters  :  "  In  colourless  acicular  crystals, 
usually  more  or  less  moist  from  adhering  oil ;  or  in  fused 
crystalline  masses.  Its  melting-point  should  not  exceed 
110°F.  (43-3° C.)  It  has  the  odour  and  flavour  of  peppermint, 
producing  warmth  on  the  tongue,  or,  if  air  be  inhaled,  a  sen- 
sation of  coolness.  It  is  sparingly  soluble  in  water,  and 
readily  soluble  in  rectified  spirit,  the  solutions  having  a 
neutral  reaction.  Boiled  with  sulphuric  acid  diluted  with 
half  its  volume  of  water,  menthol  acquires  an  indigo-blue  or 
ultramarine  colour,  the  acid  becoming  brown.  It  should  be 
entirely  dissipated  by  the  heat  of  a  water-bath."  It  is  also 
yielded  by  the  oil  of  Mentha  arvenis  {vars.  piperascens  and 
glabrata).  37.  Oil  of  Spearmint  {Oleum  Mentha}  Viridis, 
B.P.),  the  Common  Mint  of  the  kitchen  garden,  contains  a 
liquid  having  the  formula  C10H2nO  or  C10H18H2O,  also,  accord- 
ing to  Gladstone,  an  oil  (C10HuO),  isomeric  with  carvol.  38. 
Oil  of  Pennyroyal  {Mentha  Pulegium)  contains,  according  to 
Kane,  Ci0H16O  {pulezone  ;  Plaisner).  39.  Oil  of  Nutmeg 
{Oleum  Myristicm,  B.P.)  is  composed  of  a  hydrocarbon, 
myristicene  (C10Hie),  and  myristicol  (C10HlGO),  and  cymene 
(Cio-Hu)  (Gladstone).  Mace,  the  arillus  or  net-like  envelope 
of  the  nutmeg,  appears  to  yield  similar  bodies  and  also 
myristicin,  C12H1403  (Semmler).  40.  Oil  or  Otto  or  Attar 
of  Cabbage-Rose  petals  {Rosea  Centifolice  Petala,  B.P.) 
gives  the  fragrance  to  rose-water  (Aqtta,  Rosa-,,  B.P.).  It 
resembles  most  other  volatile  oils  in  being  composed  of  a 
hydrocarbon  and  an  oxidized  portion,  but  differs  from  all  in 
this  respect,  that  the  hydrocarbon  is  solid  and  is  destitute 
of  odour,  while  the  oxygenated  constituent  is  liquid  and  the 
source  of  the  perfume.  According  to  Pluckiger,  the  solid 
hydrocarbon  (C18H16)  yields  succinic  acid  as  the  chief  pro- 
duct of  its  oxidation  by  nitric  acid,  and  in  other  respects 
affords  evidence  of  belonging  to  the  paraffin  series  of  fats. 
41.  Oil  of  Rosemary-tops  {Oleum  Rosmarini,  B.P.)  exists  in 
the  plant  to  the  extent  of  from  If  to  3  parts  per  1,000.  It 
chiefly  consists  of  a  hydrocarbon  (C10H1(;)  resembling  that 
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from  Myrtle,  Myrtus  communis,  but  also  contains  camphor 
(C10H16O)  and  borneol  (C10H18O)  in  variable  proportions. 
42.  Oil  of  Rue  {Oleum  Ruta>,  B.P.)  contains  a  small  quan- 
tity of  hydrocarbon  (C10H16)  with  some  rutic  aldehyde 
(C10H.20O),  and  methyl-nonyl  ketone,  CnH220  or  CH3 — = 
CO — C9H19.  Gorup-Besanez  and  Grimm  have  obtained  oil 
of  rue  (CnH220)  artificially,  as  one  of  the  products  of  the 
destructive  distillation  of  acetate  and  caprate  of  calcium 
(see  Ketones).  According  to  Greville  Williams,  it  is  chiefly 
euodic  aldehyde  (CnH220),  some  lauric  aldehyde  (C12H240) 
also  being  present.  43.  Oil  of  Sage  contains  about  40  per 
cent,  of  salviol,  C10HlfiO ;  about  20  per  cent,  of  two  C10H16 
hydrocarbons  boiling  at  156°  and  167°  C.  respectively ;  about 
10  per  cent,  of  a  camphor,  Ci0H16O  ;  and  about  10  per  cent, 
of  cedrene,  C15H24  (Muir).  44.  Oil  of  Savin  (Oleum  Sabince, 
B.P.)  obtained  from  the  tops  (Sabince  Cacumina,  B.P.)  of 
Juniperus  Sabina  contains  several  hydrocarbons,  but  none 
isomeric  with  oil  of  turpentine  (Tilden).  45.  Oil  of  Eldcr- 
floicers  (Sambuci  flores,  B.P.)  occurs  in  very  small  quantity; 
it  has  a  butyraceous  consistence  ;  it  contains  a  hydrocarbon, 
sambucene  (O10H16),  and  probably  a  camphor.  46.  Oil  of 
Sandal-wood  (Oleum  Santali,  B.P.)  is  composed  (Chapoteaut) 
of  two  bodies  :  mostly  of  a  substance  having  the  formula 
C^H.^0  (boiling  at  572°  P.),  and  a  small  quantity  of  a 
substance  having  the  formula  C15H260  (boiling  at  600°  P). 
It  occurs  to  the  extent  of  about  1  per  cent,  in  the  fragrant 
white  or  yellow  sandal- wood  of  India,  Santalum  album,  a 
small  tree  of  the  natural  order  Santalacese,  and  not  to  be 
confounded  with  the  Pterocarpus  santalinus,  a  tree  of  the 
natural  order  Leguminosse,  and  furnishing  the  inodorous  Red 
Sandal-wood  or  Red  Sander's  Wood  or  Bamcood  of  the  dyer. 
47.  Oil  of  Sassafras-root,  sp.  gr.  1094  (Sassafras  Radix,  B.P.) 
contains  nine-tenths  of  its  weight  of  Safrol  or  Sassafrol, 
C10HinO2,  also  eugenol  and  a  small  quantity  of  a  terpene. 
Sassafras  camphor,  C10H10O,,  is  deposited  when  the  oil  is  ex- 
posed to  a  low  temperature.  48.  Oil  of  Mustard  (Oleum 
Sinapis,  B.P.)  is  sulphocyanate  of  allyl  (see  Index).  If  con- 
taminated with  alcohol,  its  sp.  gr.  is  below  1-015.  49.  Oil 
of  Sweet  Flag  (Acorus  calamus)  contains  the  hydrocarbon 
C1nHlf.  (The  rhizome  also  contains  Acorin,  C,sf)HG0O,.„  a  bitter 
glycoside  and  an  alkaloid,  calamine.)  50.  Oil  of  common 
garden  Thyme  (Thymus  vulgaris)  is  composed  of  cymene or 
cymol  (C1()HW),  thymene  (CloHl0),  and  thymol  (CI0H14O). 
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Thymol  crystallizes  out  when  oil  of  thyme  or  of  ptychotis, 
etc.,  is  kept  at  a  low  temperature  for  a  day  or  two.    It  may 
also  be  obtained  by  shaking  the  oils  with  caustic  alkali,  and 
treating  the  separated  alkaline  liquid  with  an  acid.    It  may 
be  purified  by  distillation  or  by  crystallization  from  alcohol. 
It  would  seem  that  as  an  antiseptic  thymol  is  far  stronger 
than  carbolic  acid.    51.  Oil  of  Turmeric  (Curcuma  longa) 
is  said  by  Jackson  and  Menke  to  be  chiefly  an  alcohol 
having  the  formula  C1?H27OH.    They  name  it  turmerol.  It 
is  a  light  yellow  volatile'oil,  having  the  sp.  gr.  0-902.    It  is 
to  this  oil  that  turmeric  (hence  curry  powder,  partly)  owes 
its  flavour  and  odour.    52.  Oil  of  Valerian-root  (Valeriana! 
Rhizoma,  B.P.)  is  a  mixture  of  a  hydrocarbon,  valerene  or 
borneene  (C10H16>),  valerol  (CGH10O),  and  (Gersek)  10  per  cent, 
of  borneol  valerianate.   Valerol  slowly  oxidizes  to  valerianic 
acid,  known  by  its  smell.    A  similar  change  occurs  at  once 
if  oil  of  valerian  be  allowed  to  fall,  drop  by  drop,  on  heated 
caustic  potash  :  C6H10O  +  3KHO  +  H30=K;C03  +  C4H9COOK 
+  3H2.    By  the  action  of  sulphuric  acid  on  the  valerianate 
of  potassium  thus  produced,  valerianic  acid  is  obtained.  53. 
Oil  of  Verbena,  Lemon-grass  Oil,  or  Indian  Melissa  Oil,  is  ob- 
tained from  Analropogon  citratus  (Oleum  Andropogi  Citrati, 
P.I.).    54.    Oil  of  Ginger  (Zingiber,  B.P.),  is,  according  to 
Thresh,  a  complex  mixture  of  hydrocarbons  and  their  oxida- 
tion products ;  cymene  (010HU)  is  present,  a  terpene,  alde- 
hydes, and  ethereal  salts.    (For  an  analysis  of  ginger,  by 
Thresh,  and  for  papers  on  "  Soluble  Essence  of  Ginger,"  see 
the  Pharmaceutical  Journals  for  August  30  and  September 
6,  1879,  and  March  4,  1882.) 

Caoutchouc  or  India-rubber,  and  Gutta  Percha. 

Caoutchouc  is  the  hardened  juice  of  Dichopsis  Gutta, 
Hevea  (Siphonia)  Brasiliensis,  Castilloa  elastica,  Urccola 
elastica,  Ficus  elastica,  and  other  plants.  Heated  moderately 
with  sulphur,  it  takes  up  2  or  3  per  cent.,  and  forms  vidcan- 
ized  india-rubber ;  at  a  higher  temperature  a  hard  horny 
product,  termed  ebonite,  or  vulcanite,  results.  Gutta  Percha 
(Gutta  Percha,  B.P.)  is  the  concrete  drop  or  juice  of  the 
percha  (Malay)  tree,  the  Isonandra  gutta,  and  of  other  Sapo- 
taceous  plants.  White  gutta  percha  is  obtained  by  precipi- 
tating a  solution  of  ordinary  gutta  percha  in  chloroform  by 
alcohol,  washing  the  precipitate  with  alcohol,  and  finally 
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boiling  in  water  and  moulding  into  the  desired  form  while 
still  hot.  The  official  solution  of  gutta  percha  {Liquor  Gutta 
Percha,  B.P.)  is  made  by  digesting  thin  slices  of  gutta  percha 
in  12  parts  by  weight  of  chloroform,  and  then  "  fining  "  by 
shaking  with  1  part  of  carbonate  of  lead  and  setting  aside 
till  the  fluid  is  clear. 

These  two  elastic  substances,  in  the  pure  state,  are  hydro- 
carbons (ccC5H4),  usually  slightly  oxidized.  When  caoutchouc 
is  distilled,  a  terpene,  C10H16,  called  caoutchin,  is  obtained. 


Camphors. 

In  addition  to  the  stearoptens  or  camphors  already  men- 
tioned as  being  contained  in  or  formed  from  volatile  oils, 
there  is  one  that  is  a  common  article  of  trade.  It  is  obtained 
from  the  wood  of  Camphora  qfficinarum,  or  Camphor-laurel, 
in  Japan  (termed,  in  Europe,  Dutch  camphor,  because  im- 
ported by  the  Dutch)  and  in  China  (known  as  Formosa 
camphor),  by  a  rough  process  of  distillation  with  water,  and 
is  resublimed  in  this  country  (Camphora,  B.P.).  The  formula 
of  laurel-camphor  is  C10H16O.  Sp.  gr.  O990  to  0-995 ;  melt- 
ing point,  175°  C. ;  boiling  point,  205°  C.  Bromine  heated 
with  camphor  gives  monobrom-camphor  (C10H15BrO)  and 
hydrobromic  acid.  Monobrom-camphor  is  camphor  in  each 
molecule  of  which  an  atom  of  hydrogen  has  been  displaced 
by  one  of  bromine.  Recrystallized,  it  occurs  in  white  prisms. 
The  essential  oil,  from  which  doubtless  camphor  is  derived,  by 
oxidation,  is  easily  obtained  from  the  wood,  and  is  occasion- 
ally met  with  in  commerce  under  the  name  of  liquid  camphor 
or  camphor-oil.  It  contains  hydrocarbons  resembling  tere- 
binthene  and  citrene,  and  hydrous  camphor  (C10H16O,  H20) 
as  well  as  camphor.  By  exposure  to  air  it  becomes  oxidized 
and  deposits  common  camphor.  Camphor  distilled  with  phos- 
phoric anhydride  yields  cymene,  O10H14.  There  is  another 
kind  of  camphor,  Borneo!-,  in  European  markets,  less  common 
than  laurel-camphor,  but  highly  esteemed  by  the  Chinese; 
it  is  obtained  from  the  Dryobalanops  aromatica,  and  denomi- 
nated Sumatra  or  Borneo  camphor.  It  differs  slightly  from 
laurel-camphor  in  containing  more  hydrogen,  its  formula 
being  CinH]80.  It  may  be  obtained  by  acting  on  camphor 
with  hydrogen,  the  camphor  being  dissolved  m  some  inert 
liquid  such  as  toluene,  and  sodium  added :  the  sodium  forms 
a  compound,  C10H15ONa,  while  the  hydrogen  thus  liberated 
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acts  on  another  portion  of  the  camphor,  forming  borneol, 
C10Hr(OH)— a  better  result  being  obtained  if  absolute  alco- 
hol is 'used  instead  of  toluene  (Jackson  and  Menke).  It  is 
accompanied  in  the  tree  by  a  volatile  oil  (C10H1S)  isomeric 
with  oil  of  turpentine,  This  oil,  bomeene,  is  also  occasion- 
ally met  with  in  trade,  under  the  name  of  liquid  camphor 
or  camphor-oil,  but  differs  from  laurel-camphor  oil  in  not 
depositing  crystals  on  exposure  to  air. 

The  constitution  of  the  camphors  is  still  somewhat  doubt- 
ful. Camphor  is  soluble  to  a  slight  extent  in  water  (40 
grains  per  gallon,  Pooley).  The  official  Camphor  Water  (  Aqua 
Camphor  az,  B.P.),  or  camphor  mixture,  is  such  a  solution.  _ 

Common  camphor,  and  many  other  of  the  camphors,  oily 
hydrocarbons,  and  oxidized  hydrocarbons,  yield  camphoric 
acid,  C8H14(COOH2),  and  camphoronic  acid,  C7H9(OH)(COOH)2, 
when  attacked  by  oxidizing  agents.  Such  reactions  indicate 
natural  relationships.    Camphoric  acid  is  a  good  antiseptic. 

Cantharidin  (C10HltJO4),  the  active  blistering  principle  of 
cantharides  (Cantharis,  B.P.)  and  other  vesicating  insects 
(such  as  Mylabris  cichorii  or  Telini  Fly,  P.I.,  common  in 
India),  has  most  of  the  properties  of  a  camphor  or  a  stear- 
opten.  It  slowly  crystallizes,  from  an  alcoholic  tincture  of 
the  beetles,  in  fusible,  volatile,  micaceous  plates.  _  The  fol- 
lowing process  for  the  extraction  of  cantharidin  is  by  Fu- 
mouze:  Powdered  cantharides  are  macerated  with  chloro- 
form for  twenty-four  hours ;  and  this  treatment  is  repeated 
twice  with  fresh  quantities  of  solvent,  the  residue  having 
been  well  squeezed  each  time.  The  collected  solutions  are 
then  distilled,  and  the  dark-green  residue  treated  with  bi- 
sulphide of  carbon,  which  dissolves  fatty,  resinous,  and  other 
matters,  and  precipitates  the  cantharidin.  The  precipitate 
is  placed  on  a  filter,  washed  with  bisulphide  of  carbon,  and 
recrystallizecl  from  chloroform.  The  same  process,  omitting 
the  final  recrystallization,  may  be  used  for  the  quantitative 
estimation  of  cantharidin  in  cantharides.  The  average 
quantity  found  is  from  four  to  five,  or  occasionally  ten  or 
even  twelve,  parts  in  one  thousand.  Cantharidin  is  readily 
soluble  in  warm  glacial  acetic  acid  (Tichborne),  and  still 
more  readily  in  acetic  ether,  or  chloroform.  Cantharides 
from  which  the  fat  has  been  removed  by  petroleum  ether 
yield  their  cantharidin  with  great  facility. 

Massing  and  Dragendorff  consider  cantharidin  to  be  an 
anhydride,  and  that  with  the  elements  of  water  it  forms 
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cantharidic  acid  (H2C10H12O5).  Piccard  gives  the  vapour 
density  of  cantharidin  as  about  6-5,  and  its  formula  C10H12O4. 
Homolka  assigns  to  it  the  formula  08H1302  *  CO '  COOH. 


Resins,  Oleo-Resins,  Gum-Resins. 

Resins  seem  to  be  the  oxidized  products  of  terpenes  and 
the  allied  hydrocarbons ;  they  occur  in  plants,  generally  in 
association  with  volatile  oils.  They  closely  resemble  cam- 
phors and  stearoptens,  but  are  not  volatile,  and  differ  from 
oils  and  fats  mainly  in  being  solid  and  brittle.  For  con- 
venience they  are  classified  as  resins,  oleo-resins,  and  gum- 
resins,  the  distinctions  being  founded  as  much  on  physical 
as  on  chemical  properties. 

Oleo-resins  are  mixtures  of  a  resin  and  a  volatile  oil. 

Gum-resins  are  mixtures  of  a  resin  or  oleo-resin  and  gum. 

Balsams  are  commonly  described  as  resins  or  oleo-resins 
which  yield  benzoic  and  cinnamic  acids ;  they  are  Benzoin 
(Benzoinum,  B.P.),  Balsam  of  Peru  (Balsamum  Peruvianum, 
B.P.),  Balsam  of  Tolu  (Balsamum  Tolutanum),  and  Storax, 
and  are  treated  of  under  the  respective  acids. 

Some  oleo-resins,  containing  neither  of  the  above  acids,  are 
often  termed  balsams  (e.g.  balsam  of  copaiva,  and  Canada 
balsam);  these  will  be  treated  under  the  head  of  Oleo-resins. 

A  physico-chemical  method  for  the  identification  of  the 
chief  resins,  gum-resins,  and  balsams  will  be  found  in  the 
Pharmaceutical  Journal  for  November  17th,  1877. 

Resins  appear  to  be  somewhat  antiseptic.  Beer  is  said 
never  to  turn  sour  in  casks  lined  with  Burgundy  pitch.  The 
resin  of  hops  has,  perhaps,  a  similar  effect  m  retarding 
oxidation  of  alcohol.  .  . 

Resins.*— 1.  Resin,  rosin,  or  colojjhomj  (Rcsina,  13.1 .),  is 
the  type  of  this  class.  Its  source  is  the  oleo-resin  or  true 
turpentine  of  the  conifers,  a  body  which  by  distillation  yields 
spirit  of  turpentine  and  a  residuum  of  rosin.  "  Brown '  and 
"white"  rosin  are  met  with  in  trade.  The  former  is  the 
residue  of  American,  the  latter  of  Bordeaux  turpentine  (from 
Pinus  Abies,  etc.,  and  Pinus  maritima  respectively),  Ihe 
chief  constituents  of  brown  resin  are  pinic  acid  (H^of^y 
and  sylvic  acid,  identical  in  composition,  but  differing  hi 
properties  (vide  Isomerism),  the  former  being  soluble  and  the 

«  The  student  is  not  expected  to  remember,  but  to  understand,  all  that 
follows  respecting  the  resins. 
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latter  insoluble  in  cold  spirit  of  wine.  White  resin  or  "  gali- 
pot "  is  chiefly  pimaric  acid,  also  isomeric  with  pinic  acid. 
Pinic  acid,  cautiously  heated,  yields  colophonic  or  colopholic 
acid.    Rosin,  by  destructive  distillation,  yields  resin  oil,  the 
first  portion  being  "pale,"  the  next  "blue,"  and  the  third 
"  green  resin  oil."    Mixed  with  other  oils,  they  are  used  for 
lubricating  purposes  and  in  the  manufacture  of  printing  ink. 
Among  the  products  of  the  destructive  distillation  of  resin, 
Tichborne  has  found  "  colophonic  hydrate  "  (CinH2203,  H20)', 
a  white  inodorous  crystalline  substance,  and  by  depriving  this 
of  water  has  obtained  white  crystalline  colophonine  (C10H22O3). 
Resin  is  soluble  in  oil  of  turpentine.    Contact  with  sulphuric 
acid  immediately  colours  it  strongly  red.   It  is  a  constituent 
of  eight  of  the  fourteen  Plasters  (Emplastra)  of  the  British 
Pharmacopoeia.    2.  Arnicin  (C20H30O4),  the  chief  acrid  and 
one  of  the  active  principles  of  the  rootlets  and  rhizome  of 
Arnica  (Arnica?  Rhizoma,  B.P.),  is  a  resin,  and,  probably,  a 
glucoside.    3.  Cannabin,  said  to  be  the  active  principle  of 
Indian  Hemp  (Cannabis  Indica,  B.P.),  was  obtained  in  1846 
by  T.  and  H.  Smith,  and  is  a  resin.   Personne  in  1857  isolated 
a  volatile  oil,  also  said  to  possess  much  medicinal  activity, 
consisting  of  cannabene  (C18fl20)  and  a  solid  crystalline 
"  hydride  of  cannabene  "  (C]8H22).    A  sesquiterpene  (C]5H2+) 
is  also  said  to  be  present.    Preobraschensky  has  stated,  and 
since   re-asserted,  that  the  active  principle   is  nicotine. 
Kennedy  searched  for  nicotine  by  two  methods,  but  found 
none.    Hay  found  an  alkaloid,  tetano-cannabine ;  Siebold 
and  Bradbury,  also  H.  F.  Smith,  an  alkaloid  termed  canna- 
binine.    Warden  and  Waddell,  after  careful  investigations, 
consider  that  the  active  principle  of  the  plant  has  yet  to  be 
isolated.    Jahns  finds  choline  present.    The  native  names 
of  Indian  hemp,  that  is,  of  the  cultivated  "  dried  flowering 
or  fruiting  tops  of  the  female  plants  of  Cannabis  sativa" 
are  ganga  and  gunjah.     It  is  chiefly  grown  in  Bengal. 
Guaza  is  the  name  of  the  Bombay  product  which  includes 
the  wild  plant.    Both  are  used  for  smoking,  and  form  the 
equivalent  of  the  tobacco  luxury  of  western  nations.  Bhang, 
or  sidee,  consists  of  the  dried  leaves,  fruit,  and  twigs  of  the 
wild  plant.    Its  infusion  is  drunk,  as  tea  is  in  Europe  and 
elsewhere.    Hashish,  made  from  bhang,  corresponds  to  our 
Extractum  Cannabis  Indicai,  B.P.    Charas  or  churras  is 
a  resinous  exudation  of  the  plant,  and  is  also  used  for 
smoking.    All   these  preparations   are    stimulating  and 
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narcotic.    4.  Capsicum-fruit  contains  a  resin  (p.  508).  5. 
Castorin,  a  resinous  matter,  is  the  name  given  to  the  chief 
constituent  of  Castor  (Castoreum,  B.P.),  the  dried  preputial 
follicles  and   included   secretion   of   the   Beaver  (Castor 
Fiber).    6.  Copal— The  best  copal  is  the  exuded  resin  of. 
trees  of  extinct  forests,  and  is  found  beneath  the  surface 
of  the  ground  in  the  neighbourhood  of  existing  trees.  It 
appears  to  be  a  mixture  of  acids,  but  its  character  is  still 
obscure.     6a.  DoundakC-bark,  an  African  febrifuge,  from 
Sarcocephalus    esculentus,  owes  its   activity  to  resinoid 
substances,  according  to  Heckel  and  Schlagdenhauffen.  1. 
Dragon's  Blood,  a  crimson-red  resin  found  as  an  exudation 
on  the  mature  fruits  of  a  Rotang  or  Rattan  Palm  (Calamus 
draco).    It  consists  of  resins  having  the  probable  formula 
a0HO4O4  and  a0H„()O4  (Johnston).     8.  Ergotin  is  a  very 
active  resinoid  constituent  of  Ergot  (Ergota,  B.P.),  or  tne 
sclerotinm  (compact  mycelium  or  spawn)  of  Claviccps  pur- 
purea, produced  within  the  pales  and  replacing  the  gram  oi 
the  common  rye,  Secale  cereale.   According  to  Wenzell,  ergot 
contains  two  alkaloids,  ecboline  and  ergotine,  to  the  former  ot 
which,  he  says,  the  activity  of  ergot  is  due.    Blumberg  con- 
siders these  alkaloids  to  be  identical.    Tanret  states  that  an 
unstable  alkaloid  termed  ergotinine  occurs  m  ergot  to  the 
extent  of  1  per  1,000,  and  that  it  is  accompanied  by  a  cam- 
phor; also  ergosterin,  C,6H4n,  OH20,  resembling  cholesterm 
Dragendorff  and  Podwissotzki  assert  that  ergot  owes  most 
of  its  activity  to  sclerotic  or  sclerotinic  acid,  present  to  the 
extent  of  about  4  per  cent.    Recent  investigations  seem  to 
show  that  cornutine  is  an  active  alkaloid  of  ergot,  associated 
with  ergotinic  and   sphacelinic  acids,  picrosclerotme  anal 
ergotinine.    The  activity  really  seems  to  be  due  to  a  combi- 
nation of  alkaloids  and  acids,  and  not  to  any  one  constituent, 
as  no  principle  representing  the  full  activity  of  ergot  has 
been  extracted.    Ergot  also  contains  choline,  which  by  de- 
composition may  yield  trimethylamine.    "  Ergotin  (Argo- 
tinum,  B.P.)  is  an  alcoholic  extract  of  an  aqueous  extract  ot 
ereot.    9.    Guaiacum-resin  is  a  mixture  of  substances  {sec 
Tndex).    10.    Jalap-resin  (see  Index.)    11.    Kousso  (Cit sso 
B.P.)  yields  yellow  crystals  of  a  resinoid  body  readily  soluble 
in  alkaline  liquids,  kosin  or  koussin  (CiXKJdw)-    lt  1S»  Pei " 
haps,  an  anhydride.    12.  Mastic  (Mastiche,  B.P.)isa  resinous 
exudation  obtained  by  incision  from  the  stem  of  he  MasUc 
ot  Lentisk  tree.  Nearly  nine-tenths  of  masticis  mastichic  and 
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(C20H32O3),  a  resin  soluble  in  alcohol ;  the  remainder  consists 
of  masticin  (C20H32O),  a  tenacious  elastic  resin  and  a  terpene 
having  the  formula  C10H16.  13.  Mezereon,  the  dried  bark 
{Mezerei  Cortex,  B.P.)  of  Daphne  Mezereum,  Mezereon,  and 
Daphne  laitreola,  Spurge  Laurel,  owes  its  acridity  to  a  resin. 
14.  Pepper  contains  resin  (see  Index).  15.  Burgundy  pitch 
(Pix  Burgundica,  B.P.)  is  the  melted  and  strained  exudation 
from  the  stem  of  the  Spruce  Fir,  Abies  excelsa.  The  term  Bur- 
gundy is  a  misnomer,  the  resin  never  having  been  collected 
at  or  near  Burgundy — Finland,  and  to  a  smaller  extent,  Baden, 
and  Austria  being  the  countries  whence  it  is  derived.  Its 
constituents  closely  resemble  those  of  common  resin.  It  is 
often  adulterated  and  imitated  by  a  mixture  of  resin  with 
palm-oil,  water,  etc.,  from  which  it  may  be  readily  distin- 
guished by  its  duller  yellow  colour,  highly  aromatic  odour, 
greater  solubility  in  alcohol,  and  almost  complete  solubility 
in  twice  its  weight  of  glacial  acetic  acid  (Hanbury).  16. 
Podophyllum-resin. — In  preparing  the  resin  of  podophyllum 
or  May-apple  (Podophylli  Resina,  B.P.),  an  alcoholic  extract 
of  the  rhizome  and  rootlets  (Podophylli  Rhizoma,  B.P.)  is 
poured  into  cold  water  ;  the  resin  is  then  deposited.  This 
resin  is  the  chief  active  principle  of  podophyllum-root.  Ac- 
cording to  Guareschi,  podophyllin  contains  a  glucoside  resem- 
bling convolvulin.  Podwissotzki  has  extracted  from  podo- 
phyllum a  little  crystalline  colouring  matter,  fat,  a  bitter 
crystalline  acid,  a  bitter  crystalline  neutral  principle,  and  an 
amorphous  acid  resin.  Kursten  states  that  the  latter  yields 
a  crystalline  active  substance,  podophyllotoxin,  C23H2409. 
17.  Pyrethrin  is  the  name  of  the  acrid  resinous  active  prin- 
ciple of  the  root  of  Anacylus  pyrethrum  or  Pellitory-root 
(Pyrethri  Radix,  B.P.).  According  to  Buckheim,  the  action 
of  alkalies  breaks  it  up  into  piperidine  and  pyrethric  acid. 
The  crystalline  poisonous  principle  obtained  by  Bellesme 
from  Pyrethrum  carneum,  the  powder  of  which  (and  P. 
roseum,  and  especially  P.  cinerari&folium,  or  Dalmatian 
Insect  Powder)  is  the  well-known  "  insecticide,"  has 
not  yet  been  analysed.  18.  The  resins  of  Rhubarb  have 
already  been  alluded  to  in  connection  with  Chrysophanic 
Acid.  19.  Rottleriv,  CnH1003  (mallotoxin,  CuH10O3,  Perkin) 
is  the  name  given  by  Anderson  to  a  crystalline  resin  from 
Kamala  (Kamala,  B.P.),  the  minute  glands  that  cover  the 
capsules  of  Rottlera  tinctoria  :  to  this  and,  apparently,  allied 
resins  (isorottlerin,  A.  G.  Perkin)  Kamala  owes  its  activity 
as  an  anthelmintic. 
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Oleo-resins.— 1.  "  Capsicin"  a  term  suggestive  of  a  defi- 
nite chemical  substance,  is  a  name  somewhat^  unhappily 
accorded  to  an  indefinite  substance,  an  oleo-resin,  obtained 
by  digesting  the  alcoholic  extract  of  Capsicum  fruit  (Capsici 
Fructus,  B.P.)  in  ether  and  evaporating  the  clear  ethereal 
fluid  to  dryness.    Besides  volatile  oil  and  resin,  capsicum 
fruits  contain  much  fatty  matter  which  Thresh  states  is 
chiefly  free  palmitic  acid.  (See  also  Capsicine  and  Capsaicin, 
in  Index.)    2.  Copaiva  (Copaiba,  B.P.)  is  a  mixture  of  essen- 
tial oil  (C15H2t),  copaivaol,  C20H.!2  (Strauss),  with  2  or  more 
per  cent,  of  brown  soft  resin,  and  30  to  60  of  a  yellow  dark 
crystalline  resin  consisting  mostly  of  copaivic  acid  (C20H.32O2) 
with  oxycopaivic  acid,  aoH0803  (Fuhling),  and  metacopaivic 
acid,  C22H3l04  (Strauss).    Copaiva,  containing  about  equal 
parts  of  this  acid  and  of  the  oil,  heated  with  a  fourth  of  its 
weight  of  the  official  carbonate  of  magnesium,  yields  a  trans- 
parent fluid,  owing  to  the  formation  of  copaivate  of  mag- 
nesium and  solution  of  this  soap  in  the  essential  oil.  With 
an  equal  weight  of  the  carbonate,  enough  soap  is  produced 
to  take  up  the  whole  of  the  essential  oil,  and  form  a  mass 
capable  of  being  rolled  into  pills.    A  much  smaller  quantity 
of  calcined  magnesia,  as  might  be  expected,  effects  the  same 
result ;  but  more  time,  often  several  days,  is  required  betore 
complete  reaction  is  effected.  Quick-lime  has  a  similar  effect. 
Perhaps  carbonate  reacts  more  quickly  because  of  its  nne 
state  of  division  and  admixture  of  hydrate-m  which  case 
hydrates  of  calcium  and  magnesium  may  be  expected  to  act 
better  than  the  calcined  preparations,  and  in  much  smaller 
quantity  than  carbonate  of  magnesium.     Copaiva  unlike, 
3,  Wood-oil,  or  Gurjun  Balsam  (Dipterocarpi  Balsamum, 
BIX  a  similar  oleo-resin  from  the  Diptevocarpus  turbmatiis 
(D.  Lcevis,  P.L)  is  almost  entirely   soluble  in  absolute 
alcohol  and  in  petroleum  spirit.    Copaiva  is  often  slightly 
fluorescent ;  Gurjun  balsam  is  highly  fluorescent.  The  stated 
analogy  of  Gurjun  balsam  to  copaiva  is  borne  out  by  its 
chemical  composition;  for  by  distillation  it  yields  about  40 
per  cent,  of  an  essential  oil  identical  in  composition  with  oil 
of  copaiva,  the  non-volatile  portion  being  resinous  ine 
adulation  of  copaiva  with  fixed  oil  is  best  dgj**  £ 
heating  20  or  30  drops  in  a  capsule  until  all  essent ml  oil  has 
evaporated.    (Turpentine  is  betrayed  by  its  odjortott 
this1  evaporation.)    The  residue,  oopa in  ««n,  «.  b  t tie  if 
pure,  and  more  or  less  sticky  or  soft  if  fixed  od  is  present. 
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4.  Oleo-resin  of  cubebs  {Oleo-Resina  Cubebce,  B.P.)  is  an 
ethereal  extract  of  cubebs  decanted  from  waxy  matter  (see 
Piperine  and  Oil  of  Cubebs).    5.  Elemi  (Elemi,  B.P.)  is  an 
exudation  from  a  tree  growing  in  the  Philippine  Islands.  It 
consists  of  volatile  oil  (010H16)  with  80  or  more  per  cent,  of 
two  resins,  the  one  (C20H32O2)  soluble  in  cold  alcohol,  the 
other,  Amyrin,  (C3H8)5H20,  almost  insoluble,  associated  with 
Amyric  acid  (C5H8)704  (Buri).  There  is  an  a  and  a  amyrin, 
each  having  the  formula  O30H49OH  (Vesterberg).     It  also 
contains  small  quantities  of  two  crystalline  bodies  soluble  m 
water,  Bryoidin,  (C5H8)43H20,  and  Breidin  (Pliickiger).  The 
Icacin  of  Stenhouse  and  Groves  is  either  identical  with  amy- 
rin, or  perhaps  has  the  formula  (C5H8)9H20.  All  these  bodies 
are  probably  hydrous  terpenes.    6.  Wood-tar  {Fix  Liquida, 
B.P.)  is  a  mixture  of  several  resinoid  and  oily  bodies  (amongst 
others  Creasote,  see  Index)  obtained  by  destructive  distilla- 
tion from  the  wood  of  Pinus  sylvestris  and  other  pines.  When 
heated,  it  yields  a  terebinthinate  oil  and  a  residue  of  pitch. 
{Earth  Pitch,  or  Asphalte,  appears  to  be  a  partially  oxidized 
petroleum.)    Oleum  Cadinum,  B.P.,  "  Huile  de  Cade,"  or 
Juniper  Tar  Oil,  is  the  product  of  the  similar  destructive  dis- 
tillation of  the  Juniperus  Oxycedrus.    7.  Turpentines  — 
These  oleo-resins  have  been  mentioned  in  connection  with  oil 
of  turpentine,  their  volatile,  and  resin,  their  fixed  constituent. 
8.  Common  Frankincense  (Thus  Americanum,  B.P.)  is  the 
concrete  turpentine  of  Pinus  tozda.   9.  Canada  Balsam  (Tere- 
binthina  Canadensis,  B.P.)  is  largely  gathered  in  the  pro- 
vince of  Quebec,  and  is  the  turpentine  or  oleo-resin  of  the 
Balm  of  Gilead  Fir  {Abies  balsamea).     10.  Sumbul-root 
{Sumhul  Radix,  B.P.)  contains  9  per  cent,  of  resin,  to  which 
probably  it  owes  its  stinrulating  properties.    The  resin  con- 
sists of  two  parts,  one  soluble  in  ether  and  the  other  in  alcohol, 
together  with  valerianic,  sumbulic,  and  sumbuolic  acids.  By 
dry  distillation  it  yields  a  blue  oil.  11.  Oleo-Resin  ofLupidin 
(U.S.P.)  is  an  ethereal  extract  of  the  yellow  glandular 
powder  {Lupulinum,  B.P.)  attached  to  the  small  nuts  at  the 
base  of  the  scales  which  form  the  aggregate  fruit  of  the  Hop 
{Humulus  Lupulus).  It  contains  essential  oil  of  hop(valeroI, 
CGH10O),  a  terpeneCi0H1(.,  oxidized  oil  or  resin,  bitter  extract, 
containing  the  hop-bitter,  lupulinic  acid  (C32H50O7),  and  tannic 
acid.    It  generally  contains  a  good  deal  of  earthy  dust,  but 
should  not  yield  more  than  15  per  cent,  of  ash,  and  not  moi'O 
than  30  or  40  per  cent,  of  matter  insoluble  in  ether. 
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Gum-resins. — 1.  Ammoniacum  {Ammoniacum,  B.P.)  is  an 
exudation  from  the  Dorema  Ammoniacum.     It  contains 
nearly  20  per  cent,  of  gum,  a  little  volatile  oil,  and  about  70 
of  resin  (C40H50O9 — Johnston).  2.  Asafcetida  (Asafcetida,  B.P.) 
formerly  spelt  assafoetida,  is  a  gum-resin  obtained,  by  incision, ' 
from  the  living  root  of  Ferula  Narthex.    It  contains  from 
50  to  70  per  cent,  of  a  resin  which  is  partly  feridaic  acid 
(C10H10O4),  25  to  30  per  cent,  of  gum  (about  two-thirds 
arabin,  one-third  bassorin,  p.  127),  a  little  vanillin,  and  3  to  5 
per  cent,  of  volatile  oil,  which  (Semmler)  contains  two  sul- 
phur compounds,  C17HUS,  and  CnH20S3,  two  terpenes  C10H16, 
and  a  sesquiterpene  C15H24.    3.  Euphorbiimi,  an  old  drug 
which  is  an  emetic  and  purgative  gum-resin,  contains  an 
amorphous  active  resin  (C20H?2O4),   crystalline  euphorbon 
(C,6H4402),  and  mucilage  (Fhickiger).  4.  The  ordinary  or  Siam 
Gamboge  (Gambogia,  B.P.)  of  European  trade  is  obtained  from 
the  Garcinia  Hanburii ;  the  gamboge  of  India  (Cambogia 
Indica  vel  Mysoriensis,  P.I.)  from  G.  pictoria.  When  of  best 
quality,  it  contains  about  20  per  cent,  of  a  gum,  and  80  to  75 
per  cent,  of  a  yellow  resin  termed  gambogic  acid  (C„0H2+O4). 
5.  Galbanum  (Galbanum,  B.P.)  contains  from  20  to  25  per 
cent,  of  gum,  about  65  per  cent,  of  resin  (C40H54O7),  and  3or 
4  per  cent,  of  volatile  oil.    Moistened  with  alcohol,  and  then 
with  hydrochloric  acid,  galbanum  yields  a  purple  colour,  due, 
probably,  to  the  production  and  oxidation  of  resorcin.  Gal- 
banum heated  for  some  time  to  212°  P.  with  hydrochloric 
acid,  the  liquid  separated  and  shaken  with  ether  or  chloro- 
form and  the  latter  evaporated,  yields  somewhat  less  than  1 
per  'cent,  of  colourless  acicular  crystals  of  umbelliferone 
(C9H0Os).    "Umbelliferone  is  soluble  in  water;  its  solution 
exhibits,  especially  on  addition  of  an  alkali,  a  brilliant  blue 
fluorescence  which  is  destroyed  by  an  acid.    If  a  small  frag- 
ment of  galbanum  is  immersed  in  water,  no  fluorescence  is 
observed,  but  it  is  immediately  produced  by  a  drop  of 
ammonia.    The  same  phenomenon  takes  place  with  asafcetida, 
and  in  a  slight  degree  with  ammoniacum  ;  it  is  probably  due 
to  traces  of  umbelliferone  pre-existing   in   those  drugs. 
Umbelliferone  is  also  produced  from  many  other  aromatic 
umbelliferous  plants,  as  Angelica,  Levisticum,  and  Mmmi 
when  their  respective  resins  are  submitted  to  dry  distillation ; 
also  from  the  resin  of  Daphne  mezereum.    The  fluorescence 
■of  umbelliferone  may  be  beautifully  shown  by  dipping  some 
bibulous  paper  into  water  which  has  stood  for  an  hour  or  two 
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on  lumps  of  galbanum,  and  drying  it.  A  strip  of  this  paper 
placed  in  a  test-tube  of  water  with  a  drop  of  ammonia  will 
aive  a  superb  blue  solution,  instantly  losing  its  colour  on  the 
addition  of  a  drop  of  hydrochloric  acid"  (Fluckiger  and 
Hanbury).  6.  Myrrh  (Myrrha,  B.P.),  an  exudation  from  the 
stem  of  Balsamodendron  myrrha,  contains  about  half  its 
weight  of  soluble  arabinoid  gum,  10  per  cent,  of  insoluble 
crum  (probably  bassorin),  2|  of  volatile  oil,  isomeric  with 
thymol  and  carvol  (Kohler),"and  about  25  per  cent,  of  resin 
(myrrhic  acid).  (For  a  note  by  R.  H.  Parker  on  the  spurious 
<mms  imported  with  myrrh,  see  the  Pharmaceutical  Journal 
for  July  17,  1880.)  7.  Olibanum  (P.I.).  Thus  masculum  or 
Arabian  Frankincense  (from  various  species  of  Bosivellia)  is 
about  one-third  gum  and  nearly  two-thirds  resin  (C40H30OB), 
with  a  little  hydrocarbon  (C10Hin)  and  oxidized  hydrocarbon 
volatile  oils.  It  has  always  been  an  important  ingredient  of 
incense — myrrh,  storax,  benzoin,  and  such  fragrant  combus- 
tible resinous  substances,  being  other  constituents.  8.  Scam- 
mony  (see  Index).  , 

Grum-resins  need  only  to  be  finely  powdered  and  rubbed  m 
a  mortar  with  water  to  yield  a  medicinal  emulsion,  in  which 
the  fine  particles  of  resin  are  held  in  suspension  by  the 
aqueous  solution  of  gum. 


QUESTIONS  AND  EXERCISES. 
What  are  the  general  chemical  characters  of  volatile  oils  ? — How  do 
volatile  oils  usually  differ  chemically  from  fixed  oils?— Describe  the  usual 
process  by  which  volatile  oils  are  obtained.— How  does  natural  turpentine 
differ  from  turpentine  of  trade  ?— With  what  object  is  commercial  turpen- 
tine rectified  ?— What  is  the  chemical  nature  of  india-rubber  and  gutta 
percha  ? — How  is  india-rubber  vulcanized  and  converted  into  ebonite  or 
vulcanite  ?— Mention  the  difference  in  composition  between  the  volatile 
oils  of  Anthemis  nobilis  and  Matricaria  Chamomilla. — Give  the  syste- 
matic name  for  oil  of  horseradish.— State  the  general  composition  of  the 
oils  of  lemon,  lime,  bergamot,  citron,  and  cedra.— Name  the  constituents 
of  oil  of  cloves. — In  what  respect  does  otto  of  roses  differ  from  other  oils? 
—What  class  of  substances  forms  the  chief  part  of  oil  of  rue  ?— How  is 
camphor-oil  related  to  camphor? — In  what  respects  do  Borneo  or 
Sumatra  camphor  and  camphor  oil  differ  from  the  corresponding  pro- 
ducts of  Japan  and  China  ? — How  may  Borneol  be  artificially  prepared  ? 
—How  do  resins  occur  in  Nature?  Distinguish  between  resins  and 
camphors.  Mention  the  points  of  difference  of  resins,  oleo-resins,  gum- 
resins,  and  balsams. — Name  the  sources  of  common  resin  or  rosin. 
Enumerate  some  official  articles  of  which  the  active  constituents  are 
resins. — Give  the  distinguishing  characters  of  Burgundy  pitch. — What  is 
the  average  proportion  of  oil  and  of  resin  in  the  so-called  balsam  of 
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copaiva  ? — Explain  the  effect  of  carbonate  of  magnesium,  magnesia,  and 
lime  on  copaiva. — Why  do  ammoniacum,  asafoetida,  gamboge,  galbanum, 
myrrh,  and  similar  substances  give  an  emulsion  by  mere  trituration 
with  water? 


THE  BENZENE  SERIES  OF  HYDROCARBONS. 

The  Benzene  or  Aromatic  Series,  CuH2n_6.— This  series  is  of 
great  general  interest.  It  yields,  like  other  families  of  hydro- 
carbons, alcohols,  haloid  derivatives,  aldehydes,  acids,  etc., 
obtained,  however,  as  a  rule  by  special  rather  than  general 
methods.  Just  as  the  consecutive  members  of  the  paraffin 
series  of  hydrocarbons  may  be  regarded  as  derived  by  the 
displacement  of  a  hydrogen  atom  of  the  previous  member  by 
the  methyl  (CH3)  group,  or  of  a  hydrogen  atom  in  methane  by 
a  paraffin  radical,  so  the  consecutive  members  of  the  benzene 
series  may  for  convenience  of  study  be  viewed  as  obtained  by 
the  displacement  of  hydrogen  atoms  in  benzene  by  paraffin 
radicals  ;  as  in  the  following  examples  :— 
Benzene  or  Phenoene,  C6H6. 

Toluene,  Benzoene,  or  Methylphenoene,  C7H8  or  CGH5-CH3. 
Xylene  or  Dimethylphenoene,  C8Hi0  or  C0H4-(CH3)2. 
Mesitylene  or  Trimethylphenoene,  C9H12  or  C6H3  (CH3)3. 
Cymene  or  Methylpropylphenoene,  C10H14  or  C0H4-CH3-C3H7. 

It  is,  perhaps,  desirable,  as  suggested  by  Odling,  to  designate 
the  first  member  of  this  series  by  the  name  phenoene  rather 
than  benzene,  as  its  hydrate  is  termed  phenol,  and  its  deriva- 
tives phenyls,  e.g.  phenylamine.  Toluene  (first  obtained 
from  balsam  of  tolu,  hence  the  name)  then  becomes  benzoene  ; 
from  it  benzoic  acid  is  derived. 

The  members  of  the  benzene  series  are  unsaturated  hydro- 
carbons. A  molecule  of  benzene  itself  readily  absorbs  two, 
four,  or  six  atoms  of  chlorine,  these  being  added  on  to  the 
benzene,  forming  what  are  termed  additive  compounds,  as 
distinguished  from  the  true  substitutional  compounds,  in 
which  the  hydrogen  atoms  in  benzene  are  actually  substituted 
by  chlorine,  bromine,  etc.  The  derivatives  of  benzene  may 
more  or  less  readily  be  re-converted  into  benzene,  a  fact  sup- 
porting the  close  structural  or  constitutional  relationship 
between  the  many  benzenoid  bodies. 

Bodies  having  an  aromatic  odour  are  somewhat  character- 
istic of  the  benzene  series,  hence  the  latter  was  originally 
termed  the  aromatic  series  of  organic  compounds. 


BENZENE  HYDROCARBONS. 


B13 


Benzene  or  Benzol. 

Benzene  or  Phenoene,  C6H6  (commercially  known  as  Ben- 
zol)*— Commercially  it  is  obtained  from  the  portion  of  coal- 
tar  boiling  below  100°  C.  It  is  partially  purified  by  shaking 
successively  with  sulphuric  acid,  water,  and  caustic  soda,and 
then  redistilling  ;  the  product  still  containing  large  quantities 
of  toluene  and  other  impurities.  If  pure  benzol  is  required, 
the  liquid  must  be  subjected  to  a  freezing  mixture,  when  the 
benzol  crystallizes  out,  leaving  some  impurities  in  solution  ; 
the  crystals  are  well  drained.  Bromine  is  then  added  to  the 
liquid  resulting  from  the  melting  of  the  crystals,  until  a  per- 
manent coloration  results.  The  liquid  is  again  washed  with 
caustic  soda,  and  distilled.  Benzene  boils  at  81°  C.  It  may 
be  artificially  produced  by  heating  benzoic  acid  with  lime,  or 
by  passing  acetylene  through  red-hot  tubes.  It  is  a  colour- 
less, limpid,  refractive  liquid,  having  a  specific  gravity  of 
0-899  at  0°  0.  It  is  a  powerful  solvent  of  grease,  and  under 
the  name  of  "Benzene  Collas"  was  introduced  by  M.  Collas 
in  1848  for  cleansing  purposes. 

Benzene,  when  acted  on  by  chlorine  and  bromine,  in  the 
presence  of  a  little  iodine,  forms  all  derivatives  from  mono- 
chloro-  and  monobromo-benzene  (CfiH601  and  C6H5Br)  to 
hexachloro-  and  hexabromo-benzene  (C6C16  and  C6Br6).  It 
also  forms  iodine  and  fluorine  derivatives,  nitro-derivatives, 
etc. 

Nitrobenzene  (nitrobenzol,  artificial  oil  of  bitter  almonds, 
or  essence  of  mirbane),  C6H5N02,  is  obtained  by  mixing  fum- 
ing nitric  acid,  or  a  mixture  of  nitric  and  sulphuric  acids, 
with  benzene,  the  vessel  being  kept  cool  by  immersion  in 
water.  It  is  a  yellow  liquid,  heavier  than  water,  having  a 
strong  odour  of  oil  of  bitter  almonds,  though  of  very  dif- 
ferent nature.  {Vide  "Oil  of  bitter  almonds"  in  Index.) 
When  acted  on  by  nascent  hydrogen,  it  yields  aniline. 

*  Note. — Care  must  be  taken  to  distinguish  between  benzene,  C0Hfi, 
and  benzin,  petroleum  ether,  benzolin,  etc.  (Petroleum  Spirit,  B.P.), 
which  are  mixtures  of  paraffin  hydrocarbons  of  lower  boiling  points. 
Bevzi n  (U.S.P.),  C6H12 :  06H14,  and  other  hydrocarbons  of  the  paraffin 
series  having  the  boiling  point  of  122-140°  P.,  requires  six  times  its  bulk 
of  alcohol  for  solution,  whereas  benzene,  C0H,.„  dissolves  in  less  than 
its  own  bulk.  Specific  gravity  of  benzene  about  0-850  ;  of  benzin  about 
0-700. 
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Aniline  or  Phenylamine  or  Amidobenzene,  C6H5NH2.* — 
Mix  13  parts  of  iron  filings,  7  or  8  of  the  ordinary  acetic  acid, 
and  13  of  nitro-benzene,  in  a  large  flask  (with  an  upright 
condenser)  placed  in  a  water-bath,  and  set  the  whole  aside 
for  some  time.  After  the  mixture  has  digested  for  several 
hours,  the  supernatant  liquid  is  poured  off  from  the  deposit 
of  iron  filings,  and  distilled  in  a  current  of  steam.  By  this 
method  the  nitro-benzene  yields,  first,  aniline,  distilled  over 
as  a  yellow  oil,  and  afterwards  a  red  oil,  which  is  a  mix- 
ture of  azobenzene  (06H5  — N  =  N  — C6H5),  hydrazobenzene 
(C6H5-NH-NH-C6H5)  and  azoxybenzene  (C6H5-N^07 
N-C6H5). 

Aniline  C6H5NH2  (mixed  with  toluidine,  C^NILj),  when 
acted  on  by  arsenic  acid,  or  chlorinated  lime,  produces  rosani- 
line,  C2oH19N3,  whose  salts  and  derivatives  form  most  of  the 
well-known  aniline  colours. 

Constitution  of  Amines.—  Amines  are  usually  viewed  as 
derivatives  of  ammonia,  one,  two,  or  three  atoms  of  hydrogen 
being  replaced  by  one,  two,  or  three  univalent  organic 
radicals,  or  equivalents  of  radicals  of  higher  quantivalence. 
The  products  were  formerly  known  as  amidogen  (NHg) 
bases,  imidogen  (NH)  bases,  and  nitrile  (N)  bases ;  but  are 
now  termed  primary,  secondary,  and  tertiary  amines.  The 
class  includes  certain  alkaloids. 

Amides  result  when  NH0  displaces  OH  in  acids.  Acetic 
acid  =  CH3-CO-OH;  hence  acetamide  =  OH3-CONHo.  Aniline 
boiled  with  strong  acetic  acid  yields  phenyl-acetamide,  or 
acetanilide(Acetanilidum,  B.P.)  or  "  antifebrin,"  a  febrifuge, 
C6H5-NH  aH30  (a  rival  of  "  antipyrin,"  CuH1oN20,  j^enyl- 
dimethyl-ptjrazolon,  C6H6(CH3)2C3HN20,  (Phenazonum, 
B.P.)  from  phenylhydrazine  or  aniline  and  aceto-acetic 
ether).  Monobrom-acetanilide,  C6H4BrNHC2H30,  is  a  se- 
dative and  febrifuge.  Phenacetin  (Phenacetinum,  B.P.),  or 
para-acetphenetidin,  C6H4-OC2H5-NH-C2H30,  is  another 
febrifuge.  Phenocoll,  amido-acet-})hcnetidin,  C6H4-OG2H5- 
NrICOCH2NH2.  Para-phenetol-carbamide  or  dulcin  is  a 
body  having  a"very  powerful  sweet  taste,  and  proposed  for 
use,  like  saccharin,  in  place  of  sugar. 

*  Aniline  may  be  obtained  from  indigo,  hence  ita  name,  anil,  being 
Portuguese  for  indigo. 
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Toluene,  Benzoene,  Methyl-phenoene,  or  Methyl-benzene 
(commercially  known  as  Toluol),  C6H5CH3,  forms  the  princi- 
pal portion  of  coal  tar  boiling  between  100-120°  0.  ;  it  may 
be  synthetically  made  by  acting  on  monochlorobenzene  and 
iodomethane  by  sodium. 

CGH5C1  +  CH3I  +  Na3  =  C6H5CH3  +  Nal  +  NaCl. 

It  is  also  obtained  by  the  dry  distillation  of  tolu  balsam. 
It  is  an  inflammable,  refractive  liquid,  boiling  at  111°  C.  It 
may  be  directly  oxidized  to  benzoic  acid. 

2C6H5CH3    +    302    =    2C6H5COOH    +  2H20. 

Having  both  a  phenyl  (C6H5)  and  a  methyl  (CH3)  group  in 
its  molecule,  it  forms  two  sets  oj:  isomeric  derivatives :  one 
(ft)  in  which,  by  acting  on  toluene  in  the  cold,  the  atoms  of 
hydrogen  are  displaced  in  the  phenyl  group,  and  the  other  (b) 
by  acting  on  boiling  toluene,  in  which  the  atoms  of  hydrogen 
in  the  methyl  group  are  displaced.* 

(  Tolyl  chloride,  or  methylmonochlorobenzene,  C6H4C1-CH3. 
a  }  Tolyl  dichloride,  or  methyldiclilorobenzene,  C6H3C!l2CH3. 
[  Tolyl  trichloride,  or  methyltrichlorobenzene,  C0H2C13CH3. 

r  Monochlbromethylbenzene,  or  benzyl  chloride,  C0H5CH2C1. 
6  5  Dichloromethylbenzene,  or  benzyl  dichloride,  C6H5CHC12. 
(  Trichloromethylbenzene,  or  benzyl  trichloride,  C6H5CC13.  , 

Dichloromethylbenzene  when  acted  on  by  glacial  acetic 
acid,  and  zinc  chloride  and  water,  produces  benzoic  aldehyde, 
C6H5COH  (Jacobson).  By  acting  on  trichloromethylbenzeno 
by  water  in  sealed  tubes,  benzoic  acid  results. 

C0H5CC13  +  2H20  =  C6H5COOH  +  3HC1. 

Cymene,  C10HU. — Propylmethylbenzene,  C6H4(CH8)(C3H7) 
occurs  in  several  volatile  oils,  and  is  readily  obtained  by  the 
removal  of  hydrogen  from  the  terpenes  (C10H16)  of  those 
oils.  Many  of  the  members  of  the  benzene  series  have  an 
aromatic  odour,  hence  the  synonym  aromatic  series. 

*  Note. — "Benzyl"  is  the  name  given  to  the  derivalivos  of  benzoene 
when  substitution  takes  place  in  the  methane  nucleus,  "  tolyl  "  when  in 
the  phenoBne  nucleus. 
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The  fact  that  benzene  forms  three  additive  derivatives 
with  chlorine,  C6H6C12,  C6H6C14,  and  C6H6C16,  1  molecule 
uniting  with  not  more  than  6  atoms  of  chlorine,  and  that  it 
affords  no  isomeric  monosubstitution  derivatives  (but  only 
one  toluene,  C6H5CH3,  one  benzoic  acid,  C6H5COOH,  and  one 
only  of  all  such  derivatives),  led  Kekule  to  represent  benzene 
by  the  following  figure  (a),  in  which  each  atom  of  carbon  is 
assumed  to  be  "  linked  "  to  adjacent  atoms  of  carbon  by 
three-fourths  of  its  affinity,  the  remaining  fourth  of  its 
attraction  being  exerted  towards  the  equivalent  attraction  of 
another  atom,  thus  (figure  a)  : — 
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In  a  monosubstitution  derivative  such  as  chlorobenzene, 
C6H5C1,  no  matter  where  the  atom  of  chlorine  be  placed,  it 
bears  the  same  relation  to  the  atoms  of  hydrogen ;  hence 
there  can  be  only  one  variety  of  such  a  derivative.  The  ex- 
perimental evidence  of  the  truth  of  this  inference  is  as 
follows.  Displace  H  in  benzene  by  another  radical  X 
and  obtain  C6H5X.  In  the  latter  displace  H  by  Y  and 
obtain  C^XY.  Now  displace  X  by  H  and  obtain  C„H5Y. 
Lastly  displace  Y  by  X  and  obtain  Cr)H6X.  The  first  Cf)H5X 
and  the  last  C6H5X  are  identical  in  properties,  yet  mani- 
festly the  latter  X  is  in  a  different  position  to  the  first  X  : 
whence  we  conclude  that  actual  position  matters  nothing  if 
relative  position  is  unchanged.  Such  hydrocarbons  are 
symmetrical.  Such  mono-X  compounds  are  unsymmctrical. 
Further  displacements  of  H  by  X  in  CfiH5X  results  m 
more  than  one  variety  of  C4H4XX.  In  dichlorobenzeiie, 
C0H4012,  the  atoms  of  chlorine  may  (representing,  for  the 
moment,  benzene  by  a  hexagonal  figure  (b),  and  assuming 
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that  the  carbon  atoms  are  at  the  angles)  be  placed  either  at 
1  and  2,  1  and  3,  or  1  and  4,  the  chlorine  atoms  being  either 
near  to  each  other,  separated  by  one  carbon  atom  or  by  two 
carbon  atoms.  So  with  other  di-derivatives.  In  trichloro- 
benzene,  C6H3C13,  the  atoms  of  chlorine  may  be  placed  at  1, 
2,  and  3;  1,  2,  and  4;  or  1,  3,  and  5;  1,  2,  and  4  being  the 
same  as  1,  3,  and  4;  1,  2,  and  3,  the  same  as  1,  6,  and  5,  etc. ; 
that  is  to  say,  the  chlorine  atoms  must  all  three  be  near  to 
each  other,  or  two  near  to  each  other,  and  one  be  separated, 
or  all  three  be  separated  as  far  from  each  other  as  possible 
in  the  molecule.  So  with  other  tri-derivatives.  Hence, 
theoretically,  there  can  only  be  three  isomeric  di-  and  tri- 
chlorobenzenes;  which  has  been  verified  by  experiment.  For 
other  illustrations,  and  for  nomenclature,  see  page  542. 

In  the  additive  compounds  a  second  quarter  of  the  affinity 
of  the  carbon  atoms  for  each  other  is  freed,  so  to  say,  for 
exertion  towards  the  added  chlorine  atoms  (figure  c).  The 
mind  may  be  aided  in  forming  an  idea  of  the  constitution  of 
molecules  like  benzene  by  other  figures  such  as  the  prism  (d) 
or  wheel-like  hexagon  (e) ;  devices  all  of  which  embody  the 
idea  of  the  interdependence  of  each  atom  of  the  molecule  on 
every  other  atom,  the  idea  conveyed  by  the  linkages,  not  only 
of  a  series  of  links  of  an  open  chain  as  pictured  on  previous 
pages,  but  of  a  chain  without  terminal  links,  a  continuous,  or 
closed,  or  endless  chain— the  open  chain  with  its  ends  linked 
together  and  even  sometimes  also  having  cross  linkages. 


OTHER  SERIES  OF  HYDROCARBONS. 

The  Naphthalene  Series,  CUH2 

Naphthalene,  C10H8,  is  the  chief  member.  It  is  a  white 
crystalline  body,  existing  in  coal-tar.  By  oxidation  it  yields 
phthahc  acid,  C0H4  (COOH)2,  the  anhydride  of  which, 
^H4(CO)30,  fused  with  phenol,  forms  phenol-phthalein 
(-B.P.),  an  alkalimetric  indicator.  With  other  phenols  various 
coloured  bodies  are  produced ;  for  example,  with  resorcinol 
morescin,  which,  treated  with  bromine,  gives  eosin.  Such 
bodies  are  termed  phthaleins.  Naphthalene  is  employed  for 
increasing  the  Luminosity  of  coal-gas.  Of  the  two  napkbhyl- 
alcohols,  or  naphthoh,  or  monoxy naphthalenes,  010H7  (OH) 
a  &  /3,  beta-naphthol  is  the  well-known  powerful  antiseptic. 
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The  Anthracene  Series,  CnH2n_1{ 

Anthracene,  C14H10,  is  the  only  noteworthy  member  of  this 
series,  its  importance  being  due  to  the  fact  that  artificial 
madder,  or  alizarin,  is  formed  from  it  by  the  following  re- 
actions : — Anthracene  is  first  oxidized  to  anthraquinone  by 
the  influence  of  nascent  oxygen.  By  acting  on  anthraquinone 
with  fuming  sulphuric  acid,  it  is  easily  converted  into  a 
derivative,  which  yields  alizarate  of  potassium  when  fused 
with  caustic  potash. 

Chrysophanic  acid  (CH3C14H5(OH)202)  and  the  aloins  are 
related  to  anthraquinone ;  chrysophanic  acid  being  a  dihy- 
droxy-derivative  of  methylanthraquinone,  and  the  aloins 
(C16H1807)  yielding  on  oxidation  aloxanthin  or  tetrahydroxy- 
methylanthraquinone. 

Aloins. 

Aloins. — The  aloes  of  pharmacy  (Aloe  Barbadensis,  B.P., 
and  Aloe  Socotrina,  B.P.)  is  an  evaporated  juice,  doubtless 
much  altered  by  the  temperature  to  which  it  is  subjected. 
It  contains  a  yellow  crystalline  substance,  Aloin  (B.P.), 
slightly  varying  chemically,  but  not  medicinally,  as  derived 
from  the  respective  species  of  aloes.  Aloin  is_  not  very 
soluble  in  cold  water  or  spirit,  but  readily  soluble  in  the  hot 
fluids.  Dissolved  in  alkalies  it  rapidily  absorbs  oxygen,  but 
it  is  not  readily  altered  in  neutral  or  acidified  solutions. 

Aloin  may  readily  be  obtained  from  either  kind  of  aloes  by 
warming  with  three  or  four  times  its  weight  of  amylic  alco- 
hol ;  pouring  off  the  solution ;  allowing  it  to  stand  for  a  few 
hours  to  crystallize  ;  and  washing  the  deposited  aloin  with 
ether  or  bisulphide  of  carbon  to  remove  resinoid  matters. 

Barbaloin.— This  substance,  first  obtained  by  T.  and  H. 
Smith,  occurs  in  minute  crystals  in  Barbadoes  aloes.  It 
yields,  by  the  action  of  bromine  and  chlorine,  substitution 
compounds.  Nitric  acid  dropped  upon  it  produces  a  red 
colour  which  soon  fades.  Boiled  for  some  time  with  strong 
nitric  acid,  barbaloin  gives,  together  with  oxalic  and  picric 
acids,  a  yellow  substance,  chrysammic  acid,  which  furnishes 
beautiful  red  salts  (Tilden).  Anthracene  (014H10)  has  been 
obtained  by  deoxidation  of  barbaloin. 

Nataloin.— This  body  was  discovered  by  Fliickiger  m  Natal 
aloes.  It  crystallizes  readily  in  rectangular  plates,  either 
from  spirit  or  from  water.    No  bromine  or  chlorine  substitu- 
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tion  derivatives  have  yet  been  formed,  but  an  acetyl  compound 
has  been  analysed  (Tilden).  Nataloin  moistened  with  nitric 
acid  gives  a  red  coloration  which  does  not  fade.  When  boiled 
with  nitric  acid  it  yields  no  chrysammic,  but  only  oxalic  and 
picric  acids. 

Socaloin  or  Zanaloin. — Histed  and  Fliickiger  have  shown 
that  Socotrine  or  Zanzibar  aloes  yields  an  aloin  distinct  from 
those  just  described.  It  forms  tufted  acicular  prisms.  Nitric 
acid  scarcely  alters  the  colour  of  socaloin.  Neither  socaloin 
nor  barbaloin  afford  any  colour  when  vapour  from  a  glass  rod 
moistened  with  nitric  acid  is  brought  near  to  a  drop  of  oil 
of  vitriol  containing  a  minute  fragment  of  the  aloin,  while 
nataloin  gives  rise  to  a  blue  coloration. 

Analysis. — To  aloin  or  powdered  aloes  on  a  white  plate 
add  strong  nitric  acid.  No  colour  =  socaloin.  Crimson  colour 
=  nataloin  or  barbaloin.  To  another  portion  add  strong 
sulphuric  acid  and  vapour  of  nitric  acid.  A  blue  colour  = 
nataloin.    No  blue  colour  =  barbaloin. 

For  other  methods  of  distinguishing  the  aloins,  and  other 
allied  bodies,  see  a  paper  on  Aloins  by  Cripps  and  Dymond, 
Pharmaceutical  Journal,  February  7th,  1885. 

E.  von  Sommaruga  and  Egger  ("  Pharmacographia ':)  ar- 
rived at  the  conclusion  that  the  aloins  form  an  homologous 
series,  and  that  they  have  the  composition  indicated  in  the 
following  formulae  :  Socaloin,  C15H1607 ;  Nataloin,  C16H1807  ; 
Barbaloin,  C17H20O7.  Tilden's  subsequent  experiments  indi- 
cate, however,  that  barbaloin  (C16H1807)  and  socaloin  (C16 
H]807)  are  isomeric  in  the  anhydrous  state,  but  that  socaloin 
and  its  derivatives  in  the  hydrous  condition  contain  more 
water  of  crystallization  than  barbaloin.  Nataloin  (C16H1807) 
seems  to  be  isomeric  with  the  others,  but  is  less  soluble,  and 
does  not  yield  either  chrysammic  acid  or  chloro-  or  bromo- 
derivatives  (C1BHI5C1307 ;  C16H15Br307).  The  acetyl-deri- 
vatives  appear  to  have  the  formula,  C16H15(C2H30).i07. 
According  to  Grsenewold  the  formula  for  the  aloin  from  the 
aloes  of  Barbadoes  and  Curacoa  is  C16H1607,  and  that  from 
Natal  aloes  C.MH9fi010. 


QUESTIONS  AND  EXERCISES. 

What  is  the  formula  of  benzene  ?  How  is  it  artificially  and  com- 
mercially prepared  ? — Draw  out  an  equation  explanatory  of  the  production 
of  aniline. — What  is  the  relation  between  toluene  and  benzoic  acid  ? — 
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Give  the  formulae  of  naphthalene  and  anthracene. — Explain  by  equations 
the  production  of  alizarin  or  artificial  madder. — Give  tests  for  distinguish- 
ing the  aloins. 

The  student  is  referred  to  the  accompanying  table  for  a 
general  view. of  the  relations  of  four  series  of  hydrocarbons 
(the  paraffin,  benzene,  naphthalene,  and  anthracene  series) 
to  each  other.  Three  members  of  the  paraffin  series  are 
shown,  two  of  the  benzene  series,  and  one  each  of  the  naphtha- 
lene, and  anthracene  series.  Beneath  each  hydrocarbon  are 
given  its  chief  derivatives.  A  glance  along  the  table  shows 
the  relation  of  these  derivatives  to  each  other. 


ALCOHOLS. 

Alcohols  are  those  bodies  in  which  one  or  more  hydrogen 
atoms  of  the  hydrocarbons  are  displaced  by  one  or  more 
hydroxyl  (OH)  groups,  forming  (a)  monhydroxyl  derivatives, 
(b)  dihydroxyl  derivatives,  etc. :  they  are  in  fact  hydrates  of 
unsaturated  or  radical  hydrocarbons,  just  as  caustic  potash 
and  slaked  lime  are  hydrates  of  potassium  and  calcium, 
thus  : — 

C2H5OH  KHO,  or  KOH 

Ethyl  hydrate.  Potassum  hydrate. 

C2H4(OH)2  Ca(HO)2 
Ethylene  hydrate,  or  glycol.  Calcium  hydrate. 

C3H8(OH)3  '  Bi(OH)8 

Glyceric  hydrate,  or  glycerine.  Bismuth  hydrate. 

a.    Monhydroxyl  Derivatives  of  Paraffins. 

The  Ethylic  Series  of  Alcohols,  C„H2„+1OH.— The  alcohols, 
or  carbinols  (Kolbe),  are  primary,  secondary,  or  tertiary,  ac- 
cording as  one,  two,  or  three  atoms  of  hydrogen  in  the  first 
(or  hydrogen)  member  of  the  series  (methylic  alcohol  or 
carbinol  itself,  CH;5OH)  are  displaced  by  one,  two,  or  three 
atoms  of  any  radical  having  the  general  formula  C„H.2„+i. 
Thus  :— 

H  C„H2n+1  OJEjn+j  C„H2n+i 

H-C-OH     H-C-OH              g-C-OH  |_C-OH 

W     I  HI 

H                 H                   o    H  0sC„H2n+i 

Carbinol.      Typical  primary      Typical  necondary  Typical  tertiary 

'  carbinol.                  carbinol.  carbinol. 


Synoptical  Table  showing  the  Relations  between  the  Principal  Members  of  the  Paraffin,  Benzene,  Naphthalene,  and  Anthracene  Series  of  Hydrocarbons  and  between  their  Deriya' 


Hydrocarbon 

CH4 

Methane. 

C2H6  or  CH3CH3 

( Ethane  or 

I  Methylmethane 

C3H8  or  C2H5-CH3 

f  Propane  or 

i[  Ethyl-methane 

C8HG 

[  Phenoene  or 
(.  Benzene 

C7HS  or  CCH5-CH3 

f  Benzoene,  Toluene  or 

(  Methylphenoene 

C,0H8 

Napl 

Alkyl  Salt  or 
Ethereal  Salt,-] 
Etc.  1 

'  CH;,C1 

(  Methyl  chloride  or 
(  Chloromethane 

C2H5C1  or  CH3CH2C1 

C  Ethyl  chloride  or 
I  Chloroethane 

C3H7C1  or  C2H5-CH,C1 

(  Propyl  chloride  or 
{  Chloropropane 

C6H5C1 

f  Phenyl  chloride  or 
(  Chiorobenzene 

C7H7U  01  C|,Hr.CHi.cl 

(/-,!,      ,  ,          Tolyl  chloride 
]  Chlovotolucnes       J  ,  ,  ,    . , 
(                       Benzyl  chloride 

C10H7C1 

(  Napht 
{  Chlort 

CH3N02 

f  Methyl  nitrite  or 
£  Nitromethane 

C2H5N02  or  CH3CH2N02 

f  Ethyl  nitrite  or 
\  Nitroethane 

C3H7N02  or  C2H5CH2-N02 

(  Propyl  nitrite  or 
^  Nitropropane 

C6H5N02 

(  Phenyl  nitrite  or 
(_  Nitrobenzene 

C  H  NO  or  CoH4-NOa-CH3 

C7H7NU2  0!  CGHr.CH)NO, 

(Nitrotoluenes  ™£*£^ 

C10H7NO2 

Nitroi 

Amine   

CH0NH2 

Methylamine 

C2H5NH2  or  CH3OH2NH2 

Ethylamine 

C3H7NH2  or  C2H5CH2-NH2 

Propylamine 

C6H5NH, 

f  Phenylamine  or 
J  Aniline 

fl  H  MH  nvC«tTiNH;'C,l:i 
L7tl,JSH2  o.  C()Hs.CHaNHj 

f  Tolylamine 
(  Benzylamine 

C10H7NH2 

Naph 

Moniiydrio  Alcohol 

CH,OH  or 
HCH2OH 

(  Methyl  alcohol  or 
(  Carbinol 

C2H5OH  or  CH3CH2OH 

(  Ethyl  alcohol  or 
\  Methylcarbinol 

C3H7OHor  {ggggg  ] 

Primary  Propyl  Alcohol 
or  Ethyl  carbinol 

Secondary  Propyl  Alcohol 
or  Dimethyl  carbinol 

C6H5OH 

(  Phenyl  alcohol  or 
(  Phenol 

C  H  -OH  or  CiJI4'OH-CH;1 

(  Tolyl  alcohol  or  Cresol 

{  Benzyl  alcohol  or  Phenyl  carbinol 

CiqH70H 

(  Napht 
[  Nap 

- 

Dihydric  Alcohol 

C2H4(OH)2  or  CH2OH-CH2OH 

y  Ethylene  glycol  or 
(  Glycol 

/~1    TT    /  ATT1                /^l    TT    ATT   riTT  ATT 

C3H6(OH)2  or  C2H4OHCH2OH 

Propylene  Glycol 

C6H4(OH)2 

r  Pyrocatechin 
)  Besorcin 
(.Hydroquinone  . 

C7HU(0H)2  or  C0H,OH-CH2OH  {  °* 

C10Hu(OH)2 

t  Napht 
1  Dihj 

Trihydhic  Alcohol 

C3H5(OH)3  or  C2H3(OH)2CH2OH 

Glycerol  or  Glycerin 

C6H3(OH)3 

f  Pyrogallol  or 
\    Pyrogallic  acid 

C10H5(OH)3 

Trihy< 

Aldehyde   

CH20  or 
HCO-H 

|  Formic  aldehyde 

C2H40  or  CH3-CO-H 

Acetic  aldehyde 

C3H60  or  C2H5-CO-H 

Propionic  aldehyde 

C7H,i0  or  C(1H5-00-H 

Benzoic  aldehyde 

Ketone       ...  .. 

C3H60  or  CH3-CO-CH3 

(  Acetone  or  Dimethyl 
\  ketone 

Nitrile   

HCH2CN 

(  Acetonitrile  or 
(    Methyl  cyanide 

C2H5CN  or  CH3CH2CN 

f  Propionitrile  or 
I    Ethyl  cyanide 

C3H7CN  or  02H5CH2CN 

(  Butyronitrile  or 

I  Propyl  cyanide  (primary) 

C6H5CN 

(  Benzonitrile  or 
(    Phenyl  cyanide 

C7H7CN  or  06H5-OHa-ON 

Benzyl  cyanide 

C10H7CN 

C  Napht 
i  Napht 

Monobasic  Acid 

(Monohydric) 

H-COOH* 

Formic  acid 

C2H402  or  CH3-CO-OH 

(  Acetic  acid  or 

(    Methyl-formic  acid 

C3H602  or  C2H5-CO-OH 

f  Propionic  acid  or 
I    Ethyl-formic  acid 

C7H„0  or  C„Hr,'C0'0H 

(  Benzoic  acid  or 

(     Phenyl-formie  acid 

Monobasic  Acid 

(Dihydric) 

OH-CO-OHf 

Hydroxyformic  acid 
or  carbonic  acid 

C2H403  or  CH2OH-CO-OH 

I  Glycollie  acid  or 

(    Hydroxyacetic  acid 

C3H0O3  or  C2H4(OH)-CO-OH 

(Lactic  acid  or 

(     Hydroxypropionic  acid 

C7H0O„  or  C0H4OH-C0-OH 

(  Salicylic  acid  or 

j     Hydroxybenzoic  acid 

Monobasic  Acid 

(Trikydric) 

C3H0O4  or  C2H3(OH)2-CO-OH 

(  Glyceric  or 

(  Dihydroxypropionic  acid 

C7H604  or  C0H3(OH)2'CO-OH 

Dihydroxy benzoic  acid 

Dibasic  Acid 

C204H2  or  COOH-COOH 

Oxalic  acid 

CH2(CO-OH)2 

Malonic  acid  J 

Ether   

(CH3)20 

Methyl  ether 

(C2H5)20 

Ethyl  ether 

(C3H,)20 

Propyl  ether 

(CaH5)20 

Phenyl  ether 

*  The  nitrile  of  Formic  acid  or  Formonitrile  is  HCN  (Hydrocyanic  acid).  t  The  existence  of  OHCOOH  is  not  definitely  proved.  The  association  of  two  OH  groups  with  one  atom  of  carbon  is  unusual.  See  p.  366.  \  This  cannot  be  obtained  by  direct  oxidation  of  Propylene  glycol.  Note—  Th 
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f  Propane  or 

j[  Ethyl-methane 


,.  (  Propyl  chloride  or 

I  Chloropropane 


»-N0s 


(  Propyl  nitrite  or 
\  Nitropropane 


•NH„ 


Propylamine 


H-CHsjOH       Propylene  Glycol 


i Primary  Propyl  Alcohol 
or  Ethyl  carbinol 
Secondary  Propyl  Alcohol 
or  Dimethyl  carbinol 


)H)2CH2OH    Glycerol  or  Glycerin 


Propionic  aldehyde 


(  Acetone  or  Dimethyl 
(  ketone 


CN 


(  Butyronitrile  or 
I  Propyl  cyanide  (primary) 


nil 


(  Propionic  acid  or 
(    Ethyl-formic  acid 


CO-OH 


J Lactic  acid  or 
Hydroxypropionic  acid 


■CO-OH       (Glyceric  or 

(  Dihydroxypropiomc  acid 


Malonic  acid } 


Propyl  ether 


[  Phenoene  or 
(  Benzene 


C,H,C1 


Phenyl  chloride  or 
Chlorobenzene 


r>  tt  \rn  f  Phenyl  nitrite  or 
U„M5JNU2      £  Nitrobenzene 


C„HSNH,  JPhf^^ine0r 


Aniline 


C0H5OH  {Phph£0?CDll0l0r 


r  Pyrocatechin 
C0H.,(OH)2  }  Resorcin 

(.Hydroquinone 

C6H3(OH)3  £  PyP°^g1°i1li°cracid 


C  H  CN       i  Benzonitrile  or 

(     Phenyl  cyanide 


(C6H5)20        Phenyl  ether 


C7HS  or  C6H5-CH3 


^Benzoene,  Toluene  or 


Methylphenoene 


r  w  m  nr  CoH4Cl-CH3 
L7H,C1  or  C|.h5-CH2-C1 


nnvm     ,  C(1H4-N02-CH3        ( „..    .  .  Tolyl  nitrite 

C7H7N02  or  abH*.CHa2NOn3       ]  Nitrotoluenes  BJzy{ 


C  TT  hit  o  C6H4NH2-CH3  fTolylamine 
L7ri7Nri2  01  Cch5-CH2NH2  iBenzylamine 


n  tr  nw     CCH4-0H-CH3         f  Tolyl  alcohol  or  Cresol 

u7H7-u±l  01  C(;H5Ch20H  '         {  Benzyl  alcohol  or  Phenyl  carbinol 


C7Ho(OH,2  or  C6H4-OH.CH2OH  {  ^^SylS  " 


C7H,;0  or  C0H5-CO-H 


Benzoic  aldehyde 


C,H7CN  or  C6H5-CH2-CN 


Benzyl  cyanide 


C7HuO  or  C0HS-C0-OH 


Benzoic  acid  or 
Phenyl-formic  acid 


C7H0Oa  or  C6H4OH-CO-OH 


Salicylic  acid  or 
Hydroxybenzoic  acid 


C,H0O4  or  CGH3(OH)2-CO-OH       Dihydroxybenzoic  acid 


CioHs 


Naphthalene 


r  tt  pi  S  Naphthalene  chloride 

oI0tt7w         |  Chloronaphthalene 


Nitronaphthalene 


Naphthylamine 


n  rr  nn  (  Naphthylic  alcohol  or 
^ioH7OH       |  Naphthol 


C  H  (OH)     \  Naphthaquinol  or 
10  *"     '2    \  Dihydroxynaphthalene 


C10H5(OH)3  Trihydroxynaphthalene 


C,0H7CN  fNaphthonitrUe 


(_  Naphthylic  cyanide 


C1,H1 


Anthracene 


(  Anthracene  chloride 
\  Chloroanthracene 


CJL/OH 


C  Anthracene  alcohol 
\  Anthrol 


C  H  (OH)     f  Anthraquinol  or 
14  8*      '2    I  Dihydroxyanthracene 


The  association  of  two  OH  groups  with  one  atom  of  carbon  is  unusual.    See  p.  366.       +  This  cannot  be  obtained  by  direct  oxidation  of  Propylene  glycol.    Note.— This  Table  is  a  slight  extension  of  one  compiled  by  Dunstan. 
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The  primary  oxidize  their  CH.,OH  group  to  aldehydes 
(bodies  containing  the  aldebydic  group  COH)  and  acids 
(bodies  having  the  group  COOH  or  carboxyl) ,  the  secondary 
oxidize  their  CHOH  group  to  form  a  ketone  (a  body  having 
carbonyl,  CO'',  as  a  group,  as  acetone  CH3-CO-CH3),  and  by 
further  oxidation  break  up,  forming  bodies  with  less  carbon 
units  than  the  original  alcohol :  while  the  tertiary  yield  a 
ketone  and  an  acid.  The  primary  alcohols  alone  are  of  prac- 
tical interest  to  medical  and  pharmaceutical  students.  •  Tbe 
tertiary  alcohols  are  said  to  be  depressants  instead  of  stimu- 
lants. For  examples  of  primary,  secondary  and  tertiary 
alcohols,  see  page  534. 

General  method  of  preparing  Primary  Alcohols. — By  act- 
ing on  the  monochloro-derivatives  of  a  paraffin  by  acetate  of 
potassium  or  silver,  an  ethereal  salt  (acetate)  is  produced, 
which  when  saponified  with  caustic  potash  yields  the  alcohol. 
For  instance, — 


C2H5C1 

Ethylic 
chloride. 


+ 


C2H5C2H302 
Ethylic 
acetate. 


AgC2H302 
Silver 
acetate. 

+  KHO 
Potassium, 
hydrate. 


C2H5C2H302 
Ethylic 
acetate. 


C2H5OH 

Ethylic 
alcohol. 


+ 


+  AgCl 
Silver 
chloride 

KC2H302 

Acetate  of 
potassium. 


If  the  chloro-derivatives  were  directly  acted  upon  by  the 
hydrate  of  potassium,  hydrocarbons  of  the  olefine  or  acety- 
lene series  would  result. 

The  chief  primary  alcohols  are,  however,  otherwise  ob- 
tained. 


Note  on  Nomenclature. — The  student  will  perceive  that 
such  names  as  those  in  the  following  set  are  used  indiffer- 
ently : — ethylic  acetate,  ethyl  acetate,  acetate  of  ethyl, 
acetic  ether. 


Methylic  Alcohol. 

Methyl  (fieOv,  methu,  wine,  and  v\rj,  ule,  wood)  Alcohol  or 
Carbinol,  CH:!OH  or  HCH2OH  (Pyroxylic  Spirit  or  Wood 
Naphtha),  is  a  product  of  the  destructive  distillation  of  wood, 
and  is  now  obtained  in  large  quantities  as  a  by-product  in 
the  manufacture  of  beet  sugar  in  France.  By  oxidation  it 
yields  formic  acid  (see  page  401). 

Methylated  Spirit. — Spirit  of  wine  containing  10  per  cent. 
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of  wood-spirit  constitutes  ordinary  methylated  sjririt,  a  spirit 
issued  duty  free,  for  the  use  of  manufacturers,  the  methylic 
alcohol,  etc.,  not  interfering  with  technical  applications. 
From  its  nauseous  taste  and  odour,  however  (not  due  to 
methyl  alcohol,  but  to  tarry  bodies),  it  cannot  take  the  place 
of  gin,  brandy,  or  other  spirit ;  hence,  while  industry  is 
benefited,  intemperance  is  discouraged  and  the  revenue  not 
injured. 

Detection  of  Methylic  Alcohol  in  presence  of  Ethylic, 
Alcohol. — Three  or  four  methods  have  been  proposed  for  the 
detection  of  methylated  spirit  in  various  liquids ;  that  most 
used  by  pharmacists  is  by  J.  T.  Miller.  For  the  application 
of  the  test  to  tinctures  and  similar  spirituous  mixtures,  some 
of  the  spirit  is  first  separated  by  distilling  off  a  drachm  or  so 
from  about  half  an  ounce  of  the  liquid  placed  in  a  small  flask 
or  test-tube  having  a  long  bent  tube  attached.  Into  a 
similar  apparatus  put  30  grains  of  powdered  red  chromate 
of  potassium,  half  an  ounce  of  water,  25  minims  of  strong 
sulphuric  acid,  and  30  or  40  minims  of  the  spirit  to  be  tested. 
Set  the  mixture  aside  for  a  quarter  of  an  hour,  and  then  distil 
nearly  half  a  fluid  ounce.  Place  the  distillate  in  a  small 
dish,  add  a  very  slight  excess  of  carbonate  of  sodium,  boil 
down  to  about  a  quarter  of  an  ounce,  add  enough  acetic  acid 
to  impart  a  distinct  but  feeble  acid  reaction,  pour  the  liquid 
into  a  test-tube,  add  a  grain  of  nitrate  of  silver  dissolved  in 
about  30  drops  of  water,  and  heat  gently  for  a  couple  of 
minutes.  If  the  liquid  then  merely  darkens  a  little,  but  con- 
tinues quite  translucent,  the  spirit  is  free  from  methylic 
alcohol ;  but  if  a  copious  precipitate  of  dark-brown  or  black 
metallic  silver  separates,  and  the  tube,  after  being  rinsed 
out  and  filled  with  clean  water,  has  a  distinct  film  of  silver, 
which  appears  brown  by  transmitted  light  (best  seen  by  hold- 
ing it  against  white  paper),  the  spirit  is  methylated.  The 
experiments  are  best  performed  by  daylight. 

Explanation—  This  test  depends  for  its  action  on  the  re- 
ducing-powers  of  formic  acid.  In  the  above  operation  the 
ethylic  alcohol  becomes  oxidized  to  acetic  acid  (the  natural 
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acid  of  the  ethyl  series),  which  does  not  reduce  silver  salts, 
a  minute  quantity  only  of  formic  acid  being  produced,  while 
the  methylic  alcohol  yields  formic  acid  (the  natural  acid 
of  the  methyl  series)  in  a  comparatively  large  quantity. 
Aldehyde,  which  is  also  a  reducing  agent,  is  simultaneously 
produced,  but  removed  in  the  subsequent  ebullition  with 
carbonate  of  sodium. 

Methylated  Sweet  Spirit  of  Nitre. — The  preparation  of 
spirit  of  nitrous  ether  from  methylated  spirit  is  illegal  in 
Great  Britain,  and,  probably,  is  very  rarely  practised.  For 
the  detection  of  methylic  alcohol  in  this  liquid,  Mr.  Miller 
suggests  the  following  modification  of  the  foregoing  process. 

Shake  about  an  ounce  of  the  sample  with  20  or  30  grains 
of  anhydrous  carbonate  of  potassium,  and,  if  needful,  add 
fresh  portions  of  the  salt  until  it  ceases  to  be  dissolved,  then 
pour  off  the  supernatant  spirit.  This  serves  to  neutralize 
acid  and  to  remove  water,  of  which  an  abnormal  quantity 
may  be  present.  Introduce  half  a  fluid  ounce  of  the  spirit 
into  a  small  flask  ;  add  150  grains  of  anhydrous  chloride  of 
calcium  in  powder,  and  stir  well  together ;  then,  having  con- 
nected the  flask  with  a  condenser,  place  it  in  a  bath  of  boil- 
ing water,  and  distil  a  fluid  drachm  and  a  half,  or  continue 
the  distillation  until  scarcely  anything  more  comes  over.  The 
operation  is  rather  slow,  but  needs  little  attention,  and  should 
be  done  thoroughly.  The  distillate  contains  nearly  the  whole 
of  the  nitrous  ether  and  other  interfering  substances,  while 
in  the  retort  there  remains  a  non-volatile  compound  of  chlo- 
ride of  calcium  and  methylic  alcohol,  if  the  latter  be  present. 
Now  add  to  the  contents  of  the  flask  a  fluid  drachm  of  water, 
which  decomposes  the  compound  just  referred  to,  and  draw 
over  the  half-drachm  of  spirit  required  for  testing.  Then 
proceed  as  described  in  the  foregoing  paragraphs. 

Ethylic  Alcohol. 

Ethyl  Alcohol,  or  Methyl  Carbinol,  commonly  called  simply 
Alcohol  (C2H6OH,  or  CH,CH„OH).— It  is  a  colourless  liquid, 
having  a  boiling  point  of  173*-6°F.  and  sp.  gr.  0-7935.  Ethyl 
alcohol  may  be  obtained  by  passing  ethylene  into  strong 
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sulphuric  acid.  The  product,  ethylhydrogen  sulphate,  when 
distilled  with  water,  yields  alcohol : — 

C,H4       +       H2S04    =  C2H5HS04 
C2H5HS04    +     H20    =    C2H5HO    +  H2S04 

On  the  large  scale  alcohol  is  produced  by  fermentation. 
All  fermented  bread  retains  a  little  alcohol,  sometimes  as 
much  as  1  in  400. 

Formation  of  Alcohol. — Ferment  two  or  three  grains  of 
sugar  by  dissolving  it  in  a  test-tube  full  of  water,  adding  a 
little  yeast  (Cerevisiai  Fermentum,  B.P.),  or  a  piece  of  the 
so-called  German  or  dried  yeast,  and  setting  the  whole  aside 
for  several  hours  in  a  warm  place  at  a  temperature  of  75° 
to  85°  F. ;  carbonic  acid  gas  is  evolved,  and,  if  the  tube  be 
inverted  in  a  small  dish  containing  water,  may  be  collected 
in  the  upper  part  of  the  tube  and  subsequently  tested :  the 
solution  contains  alcohol.  If  the  experiment  be  made  on 
larger  quantities  (four  ounces  of  sugar,  one  of  yeast,  and  a 
pint  of  water)  the  fermented  liquid  should  be  distilled,  one- 
half  being  collected,  shaken  with  a  little  lime,  soda,  or 
potash  to  neutralize  any  acetic  acid  and  decompose  ethereal 
salts,  and  again  distilled  till  one-half  has  passed  over ;  the 
product  is  dilute  spirit  of  wine.  It  may  be  still  further 
concentrated  or  rectified  by  repeating  this  process  of  frac- 
tional distillation,  the  separate  fractions  being  redistilled, 
then  fractions  having  fairly  near  boiling-points  being  mixed 
and  again  distilled,  and  so  on  until  the  ethylic  alcohol,  the 
other  alcohols  (chiefly  amylic  alcohol),  and  the  water,  having 
had  the  cohesive  tendencies  of  their  molecules  thus  overcome, 
are  separated  from  each  other.  The  heads  of  stills  can  be 
so  adapted,  especially  on  the  large  scale,  as  to  condense  and 
deliver  at  once  the  substances  having  different  boiling- 
points. 

Fermentation. — The  act  of  fermentation  is  commonly  the 
result  of  or  rather  accompaniment  of  some  vital  action. 
Alcoholic  fermentation  would  appear  to  be  always  attended 
by  or  to  attend  development  of  life  and  free  multiplication 
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of  cellular  structure.  It  follows  the  development  of  the 
fungus  already  referred  to  as  constituting  the  chief  active 
part  of  yeast,  the  saccharomyces  cerevisia?.  In  the  presence 
of  this  fungus,  with  small  quantities  of  phosphates  and 
albumenoid  matter,  glucose  is  converted  into  alcohol  and 
carbonic  acid  gas,  together  with  small  portions  of  glycerine, 
succinic  acid,  and  other  substances.  Yeast  also  contains  a 
soluble  ferment,  invertase,  analogous  to  diastase,  which  is 
capable  of  converting  sucrose  into  glucose.  Therefore  if  yeast 
be  used,  sucrose  or  cane  sugar  may  be  converted  into  carbonic 
acid  gas  and  alcohol,  the  soluble  ferment  first  converting  the 
sucrose,  not  itself  fermentable  by  the  saccharomyces,  into 
glucose. 

C6H12O0    =    2C2H5HO    +  2C02 
Grape  sugar.  Alcohol.     Carbonic  acid  gas. 

Not  more  than  20  per  cent,  by  weight  of  alcohol  can  be 
obtained  in  a  fermenting  fluid,  for  more  than' this  proportion 
prevents  fermentation. 

Other  kinds  of  fermentation,  arising  from  the  action  of 
special  ferments  which  have  not  received  in  all  cases  dis- 
tinctive names,  are  the  following :—  Viscous  or  Mannitic  fer- 
mentation, which  occurs  when  beer  or  saccharine  juices,  such 
as  that  of  beet-root,  become  "ropy."  Gum,  mannite,  and 
carbonic  acid  gas,  are  produced.  For  Lactic  and  Butyric 
fermentations,  see  "  Lactic  Acid."  Putrefactive  fermentation 
occurs  when  a  liquid  containing  albumenoid  matter  is  exposed 
to  the  air.  Infusoria  appear  in  the  liquid,  using  up  the  dis- 
solved oxygen,  and  the  ferments  of  the  genus  vibrio  are 
developed.  These  are  protected  from  oxygen,  which  is  fatal 
to  them,  by  a  thin  surface  layer  crowded  with  bacteria — 
small  rod-like  organisms  having  powers  of  locomotion.  The 
vibrionic  action,  or  putrefaction,  proceeds  with  evolution 
of  sulphuretted  hydrogen,  together  with  other  gases  having 
unpleasant  odours  and  of  complex  chemical  constitution. 
For  Acetic  fermentation,  see  "Acetic  Acid."  For  Ammo- 
niacal  fermentation,  see  "  Urine." 

Fermentation  by  certain /Soluble  Albumenoids.—  For  the 
conversion  of  starch  into  sugar  by  diastase,  see  "  Starch  "  ;  of 
amygdalin  into  benzoic  aldehyde,  hydrocyanic  acid,  and  glu- 
cose by  emulsin,  see  "Amygdalin  "  ;  of  salicin  into  saligenin 
and  glucose,  see  "  Salicin  "  ;  of  myronate  of  potassium  into 
sulphocyanate  of  allyl,  etc.,  by  myrosin,  see  "  Mustard  "  ;  of 
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cane-sugar  into  grape-sugar  by  the  soluble  ferment  in  yeast, 
see  the  foregoing  paragraphs.  Many  soluble  ferments  or 
hydrolysts  occur  in  the  germinating  seeds  and  other  parts  of 
plants,  and  play  an  important  part  in  nutrition. 

Alcoholic  Fermentation. — The  chief  reaction  results,  as 
already  stated,  in  the  formation  of  alcohol  and  carbonic 
acid  gas,  though  3  per  cent,  of  glycerine,  05  of  succinic 
acid,  and  traces  of  several  other  substances  are  simultaneously 
produced  (vide  "  Fousel  Oil "  in  Index).  By  this  reaction 
is  formed  the  spirit  of  the  various  kinds  of  wine,  beer,  and 
liqueurs,  such  as  Orange  Wine  (Vinum  Aurantii,  B.P.), 
made  "  by  the  fermentation  of  a  saccharine  solution  to 
which  the  fresh  peel  of  the  bitter  orange  has  been  added ;  " 
Sherry  Wine  (Vinum  Xericum,  B.P.),  the  fermented  juice 
of  the  grape ;  Bay  Bum,  or  Spirit  of  Myrcia  (Spiritus 
Myrcice,  U.S.P.),  by  distilling  rum  with  leaves  of  Myrcia 
acris,  etc.,  or  by  dissolving  the  oils  in  alcohol ;  and  others. 

Alcoholic  drinks  vary  much  in  strength.  Cider  or  apple- 
wine,  perry  or  pear-wine,  and  good  beer  (ale  and  porter  or 
stout)  contain  4  to  6  per  cent,  of  real  alcohol ;  good  light 
wines,  both  "  red "  and  "  white,"  and  natural  sherry  also, 
10  to  12  per  cent. ;  strong  sherry  and  port,  which  are 
commonly  "  fortified,"  that  is  contain  added  spirit,  16  or  18 
per  cent.  ;  while  "  spirits  "  (gin,  rum,  brandy,  whisky,  etc.), 
and  "liqueurs"  (ratafia,  almond-flavoured;  maraschino, 
cherry-flavoured ;  curacoa,  orange-flavoured ;  chartreuse,  a 
composite-flavoured  liqueur,  etc.),  are  "under-proof"  or 
"  over-proof,"  terms  explained  in  a  following  paragraph. 
For  excise  purposes  "  beer "  is  any  such  liquid  or  sub- 
stitute which  contains  more  than  2  per  cent,  of  proof  spirit. 
The  well-known  effects  of  these  spirituous  fluids  on  the 
animal  system  would  appear  to  be  due  primarily  to  alcohol, 
and  secondarily  to  ethereal  derivatives  of  alcohols.  Some 
owe  a  part  of  their  effect  to  non-volatile  substances,  for  beer 
from  which  all  alcohol,  etc.,  has  been  removed  by  ebullition 
is  said  to  have  considerable  effect  on  the  human  economy. 

Spirit  of  French  Wine  (Spiritus  Vini  Gallici,  B.P.),  or 
Brandy  is  a  coloured  and  flavoured  variety  of  alcohol  distilled 
from  French  wine.  Its  colour  is  that  of  light  sherry,  and 
is  derived  from  the  cask  in  which  it  has  been  kept,  but  is 
commonly  deepened  by  the  addition  of  burnt  sugar.  Its 
taste  is  due  to  the  volatile  flavouring  constituents  of  the 
wine,  often  increased  by  the  addition  of  artificial  essences. 


ABSOLUTE  ALCOHOL. 


527 


Varieties  of  Alcohol. — The  weak  spirit,  concentrated  by 
distillation  till  it  contains  84  per  cent,  by  weight  of  puro 
alcohol,  is  an  ordinary  article  of  trade ;  its  specific  gravitj- 
at  60°  P.  is  0-8382.  This  is  common  Spirit  of  Wine,  tho 
Spiritus  Eectificatus  of  the  British  Pharmacopoeia.  The 
official  Proof  Spirit  *  (Spiritus  Tenuior,  B.P.)  contains  49j 
per  cent,  by  weight,  57  by  volume,  of  alcohol,  and  is  made 
by  dilating  100  volumes  of  "Rectified  Spirit"  with  water 
until  the  well-stirred  product  measures  156  volumes.  Sixty 
volumes  of  water  will  be  required  for  this  purpose,  the 
liquids  occupying  less  bulk  after  than  before  admixture. 
In  the  language  of  the  Excise  authorities,  the  rectified  spirit 
of  the  Pharmacopoeia  would  be  described  as  "  56  degrees 
over  proof  "  (56  O.P.) ;  that  is,  100  volumes  contain  as  much 
alcohol  as  is  present  in  156  volumes  of  proof  spirit.  Ob- 
viously, proof  spirit  may  be  made  by  diluting  with  water 
rectified  spirit  of  any  other  strength  than  that  mentioned 
above.  Thus  100  fluid  ounces  of  a  spirit  of  "seventy  over 
proof"  may  be  diluted  to  170,  or  the  same  quantity  of  a 
spirit  of  "fifty  over  proof"  may  be  diluted  to  150,  and  so 
on.  The  specific  gravity  of  proof  spirit  at  60°  P.  is  0-920. 
Spirit  10  per  cent.  "  under  proof"  contains  as  much  alcohol 
as  would  be  present  in  spirit  formed  of  90  volumes  of  proof 
spirit  mixed  with  sufficient  water  to  form  100  volumes. 
According  to  British  law,  gin  is  not  "adulterated"  with 
water  if  it  is  not  weaker  than  35  degrees  under  proof;  nor 
brandy,  whisky,  or  rum  if  they  are  not  weaker  than  25 
degrees  under  proof. 

Absolute  or  Real  Alcohol  (C3H5HO)  (Alcohol  Ethylicum, 
B.P.)  may  be  prepared  from  spirit  of  wine  by  removing  the 
water  which  the  latter  contains.  This  is  accomplished,  par- 
tially, by  anhydrous  carbonate  of  potassium,  and  finally  and 
entirely  by  recently  fused  chloride  of  calcium.  In  operating 
on,  say,  one  pint,  2  ounces  of  dried  carbonate  of  potassium 
is  placed  in  a  bottle  that  can  be  well  closed,  and  frequently 
shaken  during  two  days  with  the  spirit.  Meanwhile  put 
rather  more  than  a  pound  of  chloride  of  calcium  into  a 

*  Proof  spirit  is  so  termed  from  the  fact  that  in  olden  times  a  proof  of 
its  strength  was  supposed  to  be  afforded  by  moistening  a  small  quantity 
ot  gunpowder  and  setting  light  to  the  spirit ;  if  it  fired  the  powder, 
t0,,be  "over-proof";  if  not,  "under-proof."  The  weakest 
spirit  that  would  stand  this  tost  was  what  we  should  now  describe  as  of 
8P-  Br-  U  J20. 
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covered  crucible,  and  subject  it  to  a  red  heat  for  half  an 
hour ;  then  pour  the  fused  salt  on  to  a  clean  stone  slab,  cover 
it  quickly  with  an  inverted  porcelain  dish,  and  when  it  has 
congealed,  break  it  up  into  small  fragments,  and  enclose  it  in 
a  dry  stoppered  bottle.  Put  one  pound  of  this  fused  chloride 
of  calcium  into  a  flask,  pour  over  it  the  spirit  decanted  from 
the  carbonate  of  potassium,  and  closing  the  mouth  of  the 
flask  with  a  cork,  shake  them  together  and  allow  them  to 
stand  for  twenty-four  hours  with  repeated  agitation.  Then 
attaching  a  dry  condenser  closely  connected  with  a  receiver 
from  which  free  access  of  air  is  excluded,  and  applying  the 
flame  of  a  lamp  to  the  flask,  distil  about  two  fluid  ounces, 
which  should  be  returned  to  the  flask,  after  which  the  distil- 
lation is  to  be  continued  until  fifteen  fluid  ounces  have  been 
recovered.  The  foregoing  details  are  those  of  the  British 
Pharmacopoeia.  The  product  should  be  "  colourless  and  free 
from  empyreumatic  odour.  Specific  gravity  from  0-797  to 
0-800,  and  therefore  containing  1  or  at  most  2  per  cent,  of 
water.  It  is  entirely  volatilized  by  heat,  is  not  rendered 
turbid  when  mixed  with  water,  does  not  cause  anhydrous 
sulphate  of  copper  to  assume  a  blue  colour  even  after  the  two 
have  been  well  shaken  together."  What  little  water  remains 
may,  if  necessary,  be  removed  by  the  cautious  addition  of  a 
little  metallic  sodium.  If  five  per  cent,  of  sodium  be  used, 
solution  of  ethylate  of  sodium,  or  caustic  alcohol  results 
(Liquor  Sodii  Ethylatis,  B.P.)  by  replacement  of  the  hydroxyl 
hydrogen  by  sodium  :-Na2  +  2C2H5OH  =  2C2H5ONa  +  H2. 
The  solution  contains  19  per  cent,  of  ethylate  of  sodium. 

Tests —There  are  no  specific  tests  for  alcohol  when  mixed 
with  complex  matters.  It  is,  however,  easily  isolated  and 
concentrated  by  fractional  distillation,  and  is  then  recognis- 
able by  conjoint  physical  and  chemical  characters.  Thus  its 
odour  and  taste  are  characteristic  ;  it  is  lighter  than  water, 
volatile,  colourless,  and  when  tolerably  strong,  inflammable, 
burning  with  an  almost  non-luminous  flame;  it  readily  yields 
aldehyde  (see  below)  and  acetic  ether  (vide  Index),  each  of 
which  has  a  characteristic  odour;  and,  in  presence  of  hot 
acid,  alcohol  reduces  red  chromate  of  potassium  to  a  green 
salt  of  chromium.  . 

According  to  Liebeu,  I  of  alcohol  in  2,000  of  water  can  be 
detected  by  adding  to  some  of  the  warmed  liquid  a  little 
iodine  a  few  drops  of  solution  of  soda,  again  warming  gently, 
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and  setting  aside  for  a  time  ;  a  yellowish  crystalline  deposit 
of  iodoform  (CHI3)  is  obtained.  Under  the  microscope  the 
latter  presents  the  appearance  of  hexagonal  plates  or  six- 
rayed  and  other  varieties  of  stellate  crystals. 

CaHeO  +  4I2  +  6NaHO  =  CHI3  +  NaCH02  +  5NaI  +  5H20. 

Other  alcohols,  aldehydes,  gum,  turpentine,  sugar,  and  several 
other  substances  give  a  similar  reaction. 

Tests  of  Purity. — Oil  or  resin  is  precipitated  on  diluting 
spirit  of  wine  with  distilled  water,  giving  an  opalescent 
appearance  to  the  mixture.  The  sp.  gr.  of  rectified  spirit  is 
0838.  Fusel  oil,  aldehyde,  and  such  impurities  are  detected 
by  nitrate  of  silver  {vide  Index,  "  Alcohol,  Test  for  purity 
of").  Water  in  absolute  alcohol  may  be  detected  by  adding 
to  a  small  quantity  a  little  highly  dried  sulphate  of  copper, 
which  becomes  blue  (CuS04,  5H20)  if  water  be  present,  but 
retains  its  yellowish-white  anhydrous  character  (CuS04)  if 
water  be  absent. 

Note. — Most  ethyl  derivatives  are  formed  from  alcohol, 
such  as  the  nitrite  of  ethyl  in  spirit  of  nitrous  ether,  iodo- 
ethane,  etc.  These  have  been  treated  under  "Ethane." 
Aldehyde  and  acetic  acid  are  obtained  from  alcohol  by  oxid- 
ation. 


Alcohols  and  Ethers. — As  already  stated,  just  as  such 
elementary  radicals  as  potassium  (K)  form  hydrates, — as 
KOH, — and  oxides, — as  K20, — so  do  such  compound  radicals 
as  ethyl  (C2H5)  form  hydrates,— as  common  alcohol,  C3H5OH, 
and  other  alcohols,  p.  520,— and  oxides, — as  common  ether, 
(C2H5)20,  and  other  ethers,  p.  533. 

But  Sulphur  Alcohols,  or  Thio-alcohols,  CH3SH,  C2H5SH, 
etc.,  analogous  to  sulphydrates,  KHS,  etc.,  are  known. 
They  were  originally  termed  mercaptans  (mercurius  captans) 
I  rom  the  readiness  with  which  they  took  mercury  captive, 
(O.II5S)2Hg.  Sulphur  Ethers,  or  Thio-etJiers,  also  are 
known,  (CH,)2S,  (C2H5)2S,  etc.  The  vapours  of  such  sulphur 
compounds  have  an  extremely  unpleasant  smell. 

Sulphonic  Acids  are  products  of  the  oxidation  of  the  sul- 
phur alcohols  just  mentioned.    For  example  :— 

2C2H5SH       +       302       =  2CaH8-S(VOH 
Ethyl-mercaptan.  Oxygen.  Ethyl-sulphonic  acid. 

A-°-  M  M 
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They  also  may  be  formed  by  acting  on  hydrocarbons  with 
sulphuric  acid.    Examples  : — 

SO*<OH      +        °«H«      =      so»<OH5       +  H2° 

Sulphuric  acid.  Benzene.         Banzene-sulphonic  acid.  Water. 

S0<S5h    +    C^CH3    =     S02<^CHs    +  H20 
Sulphuric  acid.         Toluene.        Toluene-sulphonic  acid.  Water. 

Sulphonic  acids  are  isomeric  with  acid  sulphites,  the 
characteristic  sulphonic  group  or  radical  being  S03H,  but  the 
acid  sulphites  of  the  organic  radicals  are  extremely  unstable, 
the  corresponding  sulphonic  acids  very  stable.  Orthophenol- 
sulphonic  acid,  C6H4OH-S02-OH,  sozolic  acid,  or  aseptol,  is 
a  non-poisonous,  non-irritating  antiseptic.  The  di-iodo- 
paraphenolsulphonic  acid,  or  sozoiodol,  CeH^OH'SOo'OH, 
has  similar  properties,  and  is  used  instead  of  iodoform. 

Saccharin  (Glusidum,  B.P. ;  synonym,  Glucusimide), 
which  is  a  harmless,  non-alimentary,  purely  sweetening 
agent,  two  or  three  hundred  times  as  sweet  as  sugar,_  is 
benzoyl-sulphonic  imide.  Fahlberg  obtains  it  by  converting 
the  toluene,  C6H5CH3,  of  coal  tar  into  toluene-sulphonic  acid 
(above) ;  this  into  a  calcium  salt,  then  into  a  sodium  salt, 
and  the  latter  into  toluene-sulphonic  chloride,  by  action  of 
trichloride  of  phosphorus  and  chlorine;  the  liquid  ortho- 
chloride  into  amide  by  ammonium  carbonate ;  the  amide  is 
then  oxidised  by  potassium  permanganate  to  sulphamido- 
benzoate  and  water;  hydrochloric  acid  then  precipitating 
benzoyl-sulphonic  imide  or  "  saccharin  "  with  elimination  of 
water.  "  Soluble  saccharin  "  is  saccharin  in  which  hydrogen 
is  displaced  by  sodium.  The  following  formulas  illustrate 
the  stages  of  manufacture  : — 

so2<^CH3      so^gfW     so2<g£CH*  j 

Toluene-sulphonic         Toluene-sulphonic  Toluene-sulphonic 
acid.  chloride.  amide. 

so2<N°£COOK     so2<^co  so2<Sco 

Sulphamidobonzoatc      Bonzoyl-sulphonic  "  Soluble  _ 

of  potassium.         imide  or  "saccharin.  saccharin. 

Sulphonal  (B.P.),  a  new  hypnotic,  is  a  crystalline,  colour- 
less inodorous,  tasteless  substance  ;  a  product  of  the  action 
of  permanganate  solution  on  mercaptol— a  liquid  resulting 
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from  the  reaction  of  hydrochloric  acid,  mercaptan  and 
acetone.  Its  descriptive  name  is  diethylsulphon-dimethyl- 
methane,  and  the  following  is  its  descriptive  formula : — 


CH3v.  „  /SO0C2H5 


ETHERS. 


Ethylic,  or  ordinary,  Ether.— Into  a  capacious  test-tube  put 
a  small  quantity  of  spirit  of  wine  and  about  half  its  bulk  of 
sulphuric  acid,  mix,  and  gently  warm ;  the  vapour  of  ether, 
recognised  by  its  odour,  is  evolved.  Adapt  a  cork  and  long 
bent  tube  to  the  test-tube,  and  slowly  distil  over  the  ether 
into  another  test-tube.  Half  the  original  quantity  of  alcohol 
now  placed  in  the  generating-tube  will  again  give  ether  ;  and 
this  operation  may  be  repeated  many  times. 

On  the  larger  scale,  and  according  to  the  following  official 
process  {AXher,  B.P.),  the  addition  of  alcohol,  instead  of 


Fig.  41 


being  intermitting,  is 
continuous,  a  tube  con- 
veying alcohol  from  a 
reservoir  into  the  gene- 
rating-vessel.  Mix  ten 
fluid  ounces  of  sulphuric 
acid  with  twelve  fluid 
ounces  of  rectified  spirit 
in  a  glass  retort  or  flask 
capable  of  containing  at 
least  two  pints,  and,  not 
allowing  the  mixture  to 
cool,  connect  the  retort 
or  flask,  by  means  of  a 
bent  glass  tube,  with  a 
Liebig's  condenser,  and 
distil  with  a  heat  sufficient  to  maintain  the  liquid  in  brisk 
ebullition.  (If  a  thermometer  also  be  inserted  in  the 
tubulure  of  the  retort  or  through  the  cork  of  the  flask,  the 
temperature  may  be  still  more  carefully  regulated— between 
and  290°  F.)  As  soon  as  the  ethereal  fluid  begins  to 
pass  over,  supply  fresh  spirit  in  a  continuous  stream,  and  in 
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such  quantity  as  to  about  equal  the  volume  of  the  fluid 
which  distils.  For  this  purpose  use  a  tube  furnished  with  a 
stopcock  to  regulate  the  supply,  as  shown  in  fig.  41  above, 
connecting  one  end  of  the  tube  with  a  vessel  containing  the 
spirit  supported  above  the  level  of  the  retort  or  flask,  and 
passing  the  other  end  through  the  cork  of  the  retort  or  flask 
into  the  liquid.  When  a  total  of  fifty  fluid  ounces  of  spirit 
has  been  added,  and  forty-two  fluid  ounces  of  ether  have 
distilled  over,  the  process  may  be  stopped. 

To  partially  purify  the  liquid,  dissolve  ten  ounces  of 
chloride  of  calcium  in  thirteen  ounces  of  water,  add  half  an 
ounce  of  lime,  and  agitate  the  mixture  in  a  bottle  with  the 
impure  ether.  Leave  the  mixture  at  rest  for  ten  minutes, 
pour  off  the  light  supernatant  fluid,  and  distil  it  with  a 
gentle  heat  until  a  glass  bead  of  specific  gravity  0735  placed 
in  the  receiver  begins  to  float.  The  ether  and  spirit  retained 
by  the  chloride  of  calcium  and  by  the  residue  of  each  rectifi- 
cation may  be  recovered  by  distillation  and  used  in  a  subse- 
quent operation. 

Explanation  of  Process.— On  the  addition  of  sulphuric 
acid  to  alcohol  in  equal  volumes,  one  molecule  of  each  react 
and  give  a  molecule  of  ethylhydrogen  sulphate  and  one  of 
water : — - 

C2H5OH  +  H2S04  =  C2H5HS04  +  H20. 
Alcohol.  Sulphuric       Ethylhydrogen  Water, 

acid.  sulphate. 

More  alcohol  then  gives  ether  and  sulphuric  acid  by  the  re- 
action of  one  molecule  of  the  alcohol  on  one  of  ethylhydrogen 
sulphate  (sometimes  termed  ethylsulphuric  acid  or  sulph- 
ethylic  acid,  or  sulphovinic  acid) : — 

C,H5OH       +       C2H5HS04       =       (C2H5)20       +  H2S04. 

Ethyl  Ethylhydrogen  _Eth°r-  n  „ 

alcohol.  sulphate.  orC.,H1-0-C,Hi  acid. 

The  water  of  the  first  reaction  and  the  ether  of  the  second 
distil  over,  while  the  sulphuric  acid  liberated  is  attacked  by 
alcohol  and  reconverted  into  ethylhydrogen  sulphate.  So 
that  the  sulphuric  acid  originally  employed  finally  remains 
in  the  retort  in  the  form  of  ethylhydrogen  sulphate.  The 
effect,  however,  of  a  small  quantity  of  sulphuric  acid  m 
thus  converting  a  large  quantity  of  alcohol  into  ether  is 
limited,  secondary  reactions  occurring  to  some  extent  after  a 
time. 
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Mixed  Ethers—  That  C2H5-0— C3H5  represents  the  con- 
stitution of  ether  is  indicated  by  the  result  of  the  reaction 
of,  say,  methylalcohol  on  ethylsulphuric  acid,  a  single 
definite  substance,  methyl-ethyl  ether  CH3  —  0  —  C2H5  result- 
ing. 

Ethers  of  various  radicals,  R  —  O  —  R,,  and  several  mixed 
ethers,  Ra  —  0  —  R,,,  and  sidphur  ethers,  or  thio-ethers, 
R  -  S  —  R,  are  known. 

Properties. — Pure  ethylic  ether  is  gaseous  at  temperatures 
above  95°  F. ;  hence  the  condensing-tubes  employed  in  its 
distillation  must  be  kept  as  cool  as  possible.  At  all  ordinaiy 
temperatures  it  rapidly  volatilizes,  absorbing  much  heat 
from  the  surface  on  which  it  is  placed.  A  few  drops  evapo- 
rated consecutively  from  the  back  of  the  hand  produce  great 
cold  ;  and  if  blown  in  the  form  of  spray,  the  cooling  effect  is 
so  rapid  and  intense  as  to  produce  local  anaesthesia.  Evapor- 
ated by  aid  of  a  current  of  air  from  the  outside  of  a  thin 
narrow  test-tube  containing  water,  the  latter  is  solidified  to 
ice.  Its  vapour  is  very  heavy,  more  than  twice  and  a  half 
as  heavy  as  air,  and  nearly  forty  times  as  heavy  as  hydrogen 
(H2  =  2  ;  C4H10O  =  74;  or  as  1  to  37).  In  a  still  atmosphere 
it  will  flow  a  considerable  distance  along  a  table  or  floor 
before  complete  diffusion  occurs.  The  vapour  is  highly  in- 
flammable ;  hence  the  importance  of  keeping  candle  and  other 
flames  at  a  distance  during  manipulations  with  ether.  Ex- 
posed to  the  action  of  air  and  light,  ether  becomes  charged 
with  a  little  peroxide  of  hydrogen. 

Purification. — To  imitate  the  process  of  partial  purification 
above  described,  add  to  the  small  quantity  of  ether  obtained 
m  the  foregoing  operation  a  strong  solution  of  chloride  of 
calcium  and  a  little  slaked  lime  ;  the  latter  absorbs  any  sul- 
phurous acid  that  may  have  been  produced  by  secondary 
decompositions,  while  the  former  absorbs  water  ;  on  shaking 
the  mixture  and  then  setting  aside  for  a  minute  or  two,  the 
ether  will  be  found  floating  on  the  surface  of  the  solution  of 
chloride  of  calcium. 

This  ether,  redistilled  until  the  distillate  has  a  sp.  gr.  not 
higher  than  0-735,  and  boiling-point  not  higher  than  105°  P., 
is  the  ether  of  the  British  Pharmacopoaia.  It  still  contains 
about  8  per  cent,  of  alcohol.    The  latter  may  be  removed  by 
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well  shaking  the  ether  with  half  of  its  bulk  of  water,  setting 
aside,  separating  the  floating  ether  and  again  shaking  it  with 
water  ;  alcohol  is  thus  washed  out.  This  washed  ether  con- 
taining water  (for  water  and  ether  are  to  some  extent  soluble 
the  one  in  the  other ;  fifty  measures  of  pure  ether  agitated 
with  an  equal  volume  of  water  are  reduced  to  forty-five  mea- 
sures) is  placed  in  a  retort  with  solid  chloride  of  calcium  and 
a  little  caustic  lime,  and  once  more  distilled  ;  pure  dry  ether 
(JEther  Purus,  B.P.)  results.  Sp.  gr.  not  exceeding  O720, 
indicating  about  99  per  cent,  of  real  ether.  Shaken  with 
about  a  fourth  of  its  bulk  of  solution  of  iodide  of  potassium 
and  a  little  starch  mucilage,  little  or  no  blue  colour  is  pro- 
duced, indicating  absence  of  an  impurity.  The  exact  nature 
of  the  latter  is  not  known,  but  inasmuch  as  it  develops  per- 
oxide of  hydrogen,  Dunstan  and  Dymond  suggest  that  the 
test  for  the  latter  should  always  be  applied.  Poleck  and 
Thummel  state  that  the  impurity  in  ether  which  causes 
potash  to  yield  a  brown  colour  is  vinyl  alcohol.  On  shaking 
pure  ether  with  half  its  bulk  of  a  dilute  solution  of  bichro- 
mate of  potassium  acidified  by  sulphuric  acid,  and  setting 
aside,  the  supernatant  ether  has  no  blue  colour. 

Sjnritus  JEtheris,  B.P.,  is  a  mixture  of  common  ether 
(yEther,  B.P.)  with  twice  its  bulk  of  rectified  spirit. 


ALCOHOLS,— continued. 

Propylic  and  Butylic  Alcohols. 

The  primary  and  secondary  propyl  alcohols — C2H5CH2OH 
and  (CH3)2  CHOH— and  the  four  isomeric  butyl  alcohols 
(C4H90H— see  below)  are  of  little  pharmaceutical  interest. 

CH2-CH2-CH3     CH<p53  CH2— CHS  CH3 

|  I  3  I  I 

H — C— OH  H— C-OH      CH3-C-OH  CH3-C-OH 


H  H 


3 


Primary  Primary  Secondary  Tertiary 

normal-butyl  iao-butyl  butyl  butyl 

alcohol.  alcohol.  aloohol.  alcohol. 

Amylic  Alcohol. 

Pentylic  or  Amylic  Alcohol  (Fousel-oil),  (Alcohol  Amylicum 
B.P.),  (C6HuHO,  or  C4H9CH2OH),  is  a  constant  accompani- 
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ment  of  ethylic  or  common  alcohol  (C2H5OH),  especially 
when  the  latter  is  prepared  from  sugar  which  has  been 
derived  from  starch ;  hence  the  name,  from  amylum,  starch. 
The  sugar  of  potato-starch  yields  a  considerable  quantity : 
hence  the  alcohol  is  often  called  potato-oil.  It  is  also  termed 
fousel-oil  or  fusel  oil  (from  </>v<o,  phuo,  to  produce),  in  allusion 
to  the  circumstance  that  the  supposed  oil  is  not  simply  educed 
from  a  substance  already  containing  it,  as  is  usually  the  case 
with  oils,  but  is  actually  produced  during  the  operation.  It 
was  described  as  oil  probably  because  it  resembled  oil  in  not 
readily  mixing  with  water  ;  but  it  is  soluble  to  some  extent 
in  water,  and  is  a  true  spirit,  homologous  with  spirit  of  wine. 
It  often  contains  variable  proportions  of  propylic,  butylic, 
and  carprylic  alcohols.  {See  also  Valerianic  Acid.)  When 
used  for  medicinal  purposes,  "  it  should  be  redistilled,  and 
the  product  passing  over  at  262°  to  270°  F.  (or  about  128° 
to  132°  0.)  alone  be  collected  for  use." 

Amylic  alcohol  is  "  a  colourless  liquid,  with  a  penetrating 
and  oppressive  odour  and  a  burning  taste.  When  pure,  its 
specific  gravity  is  '818.  Sparingly  soluble  in  water,  but 
soluble  in  all  proportions  in  alcohol,  ether,  and  essential  oils. 
Exposed  to  the  air  in  contact  with  platinum-black,  it  is  slowly 
oxidized,  yielding  valerianic  acid  "  (C4H9-COOH).  Two  allo- 
tropic  varieties  of  amylic  alcohol  exist,  one,  a,  having  no 
action  on  the  other,  /3,  lsevo-rotating  a  polarized  ray.  The 
amylic  alcohol  of  trade  probably  contains  both  varieties. 


CH2-CH<CH3  CH<^2-CH3  CHa 

OH3  ^tl3 

H— C— OH  H-C— OH  CH3 — C — OH 

H  H  C2H5 

Primary  Primary  Tertiary 

a,  or  inactive  pt  or  active  amylic  alcohol, 

amylic  alcohol.  amylic  alcohol.  "  Amy lene  hydrate." 


The  constitution  of  the  variety  of  amylic  alcohol 
(C5H11OH),  termed  tertiary  amylic  alcohol,  or  dimethyl-ethyl- 
carbinol,  is  shown  in  the  above  graphic  formula.  It  is  used 
in  medicine  in  place  of  chloral  hydrate,  and  is  known  as 
amylene  hydrate,  for  it  contains  the  elements  of  amylene 
(C5H10)  and  water  (H20). 

The  pentylic  salts  of  pharmaceutical  interest  are  all  derived 
from  amylic  alcohol. 
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Other  Monhydroxyl  Alcohols. 

Among  the  higher  alcohols  are  the  following  : — 

Cetylic  Alcohol  (C16H33OH),  or  Hydrate  of  Cetyl,  formerly 
termed  ethal,  obtained  by  saponifying  spermaceti  (Cetaceum, 
B.P.),  which  consists  of  palmitate  of  cetyl  (016H33C16H3j02), 
or  cetine.  Spermaceti  is  the  solid  crystalline  fat  accompany- 
ing sperm-oil  in  the  head  of  the  spermaceti  whale. 

Cerylic  Alcohol  (C27H55OH)  is  obtained  in  a  similar  manner 
from  Chinese- wax  (ceryl  cerotate). 

Melissic  Alcohol  (C30H61OH)  is  obtained  in  a  similar  manner 
from  melissic  palmitate,  the  portion  of  beeswax  soluble  in 
hot  alcohol.  Yellow  Wax  {Cera  Flava,  B.P.)  and  the  same 
bleached  by  exposure  to  moisture,  air,  and  sunlight,  or  White 
Wax  (Cera  Alba,  B.P.)  is  the  prepared  honeycomb  of  the 
hive-bee.  According  to  Brodie  it  is  in  the  main  a  compound 
of  the  melissic  (C30H61)  and  cerotic  (C26H53COO)  radicals  with 
about  five  per  cent,  of  ceroleine,  the  body  to  which  the  colour, 
odour,  and  tenacity  of  wax  are  due.  Amongst  the  possible 
adulterants  of  wax  are  paraffin  and  ceresine.  The  latter  is 
the  purified  native  ozokerite  of  Galicia,  a  solid  hydrocarbon, 
largely  used  as  a  substitute  for  beeswax,  especially  in  Russia. 
Both  paraffin  and  ceresine  reduce  the  melting-point  of  wax, 
which  should  not  be  lower  than  146°  P.  (63-3°  C.)  when  taken 
in  the  manner  described  in  connection  with  the  quantitative 
determination  of  temperature  (vide  Index).  The  amount  is 
obtained  by  destroying  the  wax  with  warm  oil  of  vitriol,  and 
afterwards  with  fuming  sulphuric  acid,  which  scarcely  affects 
paraffin  and  ceresine.  Pure  wax  will  not  yield  more  than 
about  three  per  cent,  to  cold  rectified  spirit,  whereas  rosin, 
etc.,  would  be  extracted  by  the  spirit.  Solution _  of  soda 
extracts  nothing  from  pure  wax,  but  dissolves  fat  acids,  fats, 
rosin,  Japan-wax,  etc.,  and  the  alkaline  fluid  then  yields  a 
precipitate  of  acids  on  the  addition  of  hydrochloric  acid. 
Soap  Would  be  dissolved  from  wax  on  boiling  the  sample 
with  Water,  and  the  aqueous  fluid  would  yield  oily  acid  on 
adding  hydrochloric  acid.  Flour  or  any  starch  would  be 
detected  in  the  cooled  aqueous  fluid  by  iodine. 

The  Allylic  Series  of  Alcohols  (CBH2n_1OH)  (monhydric 

alcohols).  ,  .  . 

Allylic  alcohol  (C3HB-OH)  may  be  obtained  by  heating  4 
parts'of  glycerin  with  one  of  oxalic  acid,  the  receiver  being 
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changed  at  195°  C,  and  the  liquid  collected  till  the  tempera- 
ture rises  to  260°  C.  The  first  product  is  formic  acid,  which 
reacts  on  glycerine,  forming  monoformin  : — 

C3H5(OH)3    +    HCOOH    =    OH2  +08H5(OH)8(H-00O). 
Glycerin.  Formic  acid.  Monoformin. 

This,  on  further  heating,  yields  allylic  alcohol : — 

C3H5(OH)2H-COO    -    H20    +    C02    +  C3H5OH. 

By  the  action  of  the  haloid  acids  it  produces  iodine,  bromine, 
and  chlorine  derivatives,  by  replacing  the  OH  by  I,  Br,  or 
CI ;  these  derivatives,  when  digested  with  potassium  sulpho- 
cyanate,  yield  allyl  sulphocyanate  or  artificial  Oil  of  Mustard 
(identical  in  composition  with  the  chief  constituent  of  the 
natural  oil),  the  sulphocyanate  of  allyl  being  the  body  to 
which  mustard  owes  its  power  of  inducing  inflammatory 
action  on  the  skin  (Cataplasma  Sinapis,  B.P. ;  and  Charta 
Sinapis,  B.P.). 

Mustard  (Sinapis,  B.P.)  is  a  powdered  mixture  of  black 
or,  rather,  reddish-brown  mustard-seeds  (Sinapis  Nigra: 
Semina,  B.P.)  from  the  Brassica  nigra,  and  white  mustard- 
seeds  (Sinapis  Alba;  Semina,  B.P.)  from  the  Brassica  alba. 
The  white  mustard-seed  contains  sinalbin  (C30H44N2S20]6),  a 
glucoside  which,  in  contact  with  the  myrosin  in  an  aqueous 
extract  of  mustard  yields  the  sulphocyanate  of  the  radical 
acrinyl,  a  body  which  forms  part  of  the  essential  oil  of 
mustard  paste. 

OjoHwNjSjOio  =  C7H7OCNS  +  C1GH2405NSHS04  +  C0H12O0 

Sinalbin.  Sulphocyanate  Acid  sulphate  .Glucose, 

of  acrinyl.  of  sinapisine. 

The  black  contains  the  albumenoid  ferment,  myrosin,  re- 
sembling the  emulsin  of  almonds  and  also  myronate  of  potas- 
sium, or  sinigrin.  The  latter  is  the  body  which,  under  the 
influence  of  the  former,  yields  the  chief  part  of  the  pungent 
oil  of  mustard  paste.  The  amount  of  myrosin  in  black  mus- 
tard is  scarcely  sufficient  to  decompose  the  whole  of  the 
sinigrin,  while  in  white  mustard  the  amount  is  more  than 
Hufficient  to  decompose  the  sinalbin.  Hence  the  most  effec- 
tive mustard  is  a  mixture  of  white  and  black. 

The  ferments  act  most  effectively,  hence  the  maximum 
amount  of  pungency  is  produced,  in  mustard  paste  at  tern- 
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peratures  not  exceeding  100°  F.    This  temperature  is  con- 
templated in  preparing  Cataplasma  Sinajiis,  B.P. 

KC10H18NS2O10    =    KHS04    +    C3H5CNS    +  C6H1;!06 
Myronate  of  Acid  sulphate  Isosulphooyanate  Glucose, 

potassium.  of  potassium.  of  allyl. 

Crude  oil  of  mustard  often  contains  cyanide  of  allyl, 
C3HBCN. 

In  the  Pharmacopoeia  of  India  the  seed  of  Brassica  juncea,  ' 
Rai,  or  Indian  Mustard  Plant,  is  official  in  addition  to  that 
of  B.  alba  and  B.  nigra.  It  is  the  common  mustard  of  warm 
countries.  It  does  not  differ  chemically  from  other  mustard. 
Allyl  compounds  are  also  met  with  in  several  other  cruci- 
ferous and  liliaceous  plants.  Oil  of  garlic  owes  its  odour  to 
a  sulphide  of  allyl  (CgHg^S,  some  say  to  a  "  disulphide." 
The  former  may  be  artificially  obtained  by  acting  on  allyl 
iodide  by  potassium  sulphide: — 

2C3H5I     +     K2S     =     (C3H5)2S     +  2KI. 

Iodide  of        Potassium        Sulphide  of  Iodide  of 

allyl.  sulphide.  allyl.  potassium. 

Decylene  Alcohol,  C10Hi9OH,  belongs  to  this  series.  _  Men- 
thol (Menthol,  B.P.),  obtained  from  oil  of  peppermint,  is  said 
by  some  to  consist  wholly  of  this  alcohol. 


QUESTIONS  AND  EXBBCISES. 

Give  an  outline  of  the  relations  between  alcohols  and  acids.— Give  a 
general  method  of  preparing  the  primary  alcohols  of  the  ethylic  series.— 
Name  the  source  of  methylic  alcohol.— What  is  "  methylated  spirit"  ?— 
Describe  the  mode  of  detecting  methylated  spirit  in  a  tincture.— How 
can  artificial  ethylic  alcohol  be  prepared  ?— Write  a  few  sentences  on  the 
formation,  purification,  and  concentration  of  alcohol,  and  explain  the 
difference  between  rectified  spirit,  proof  spirit,  and  absolute  alcohol.— 
What  quantity  of  water  must  be  added  to  one  gallon  of  spirit  of  wine  06 
degrees  over  proof,  to  convert  it  into  proof  spirit  ?—  How  far  must  5  pints 
of  spirit  of  wine  of  53  degrees  over  proof  be  diluted  to  become  proof 
spirit  ?  Ails.,  7  pints  13  ounces.— State  the  specific  gravity  of  proof 
spirit.— State  the  proportion  of  alcohol  commonly  present  in  malt  liquors, 
light  wines,  port  and  sherry,  and  "  spirits  ;  "  and  state  the  extent  to  which 
spirits  may  be  diluted  without  "  adulteration."— Enumerate  the  characters 
of  alcohol.— Whence  is  brandy  obtained?  and  to  what  are  due  its  colour 
and  flavour  ?— Describe  the  official  process  for  the  preparation  of  ether, 
giving  equations.— Offer  a  physical  explanation  of  the  mode  of  producing 
local  anaesthesia.— How  is  commercial  ether  purified?— Is  "  amylic 
alcohol  "  a  simple  or  a  complex  body  ?— How  is  allylic  alcohol  prepared  . 
In  what  relation  does  allylic  alcohol  stand  to  oil  of  mustard  and  oil  ot 
garlic  ?  
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Alcohols  of  the  CnH2n_7OH  Series.  Phenols  and  Benzylic 
Alcohols.  These  are  alcohols  only  in  the  sense  of  being 
hydroxy  1  derivatives  of  hydrocarbons.  Unlike  the  paraffin 
alcohols,  they  do  not  yield  aldehydes,  oxidation  acids,  or 
ketones. 

Carbolic  Acid. 

Phenol,  Phenic  Alcohol,  Phenic  Acid,  or  Carbolic  Acid* 
(C6H5OH),  may  be  artificially  obtained  by  heating  benzene 
with  sulphuric  acid,  which  forms  benzene-sulphonic  acid 
(p.  530),  (C6H5HS03),  this,  when  heated  with  potash,  yield- 
ing the  phenate  or  carbolate  of  potassium,  and  this,  with  acids, 
the  phenol : — 

C6H5HS03     +    3KHO     =    C6H5OK     +    K2SOs  +  2H20. 
Benzene-  Potassium         Potassium         Sulphite  of  Water, 

sulphonic  acid.  hydrate.  carbolate.  potassium. 

Commercially,  carbolic  acid  is  obtained  from  that  part  of 
coal  tar  boiling  between  180°  and  190°  C.  When  purified,  it 
is  a  colourless f  crystalline  body  (Acidam  Carbolicum,  B.P.). 
A  crystalline,  so-called  hydrous,  acid  (C6H5OH,H20)  may 
also  be  obtained. 

At  temperatures  above  95°  F.  ordinary  carbolic  acid  is  an 
oily  liquid.  It  is  only  slightly  soluble  in  water,  but  readily 
dissolved  by  alcohol,  ether,  and  glycerine  {Glycerinum  Acidi 
Carbolici,  B.P.).  At  60°  F.  (15-5°  C),  100  parts  of  the  acid 
are  liquefied  by  the  addition  of  5  to  10  parts  of  water  (100  of 
acid  and  ten  of  water  added  forming  the  Acidum  Carbolicum 
Liquif actum,  B.P.) ;  dissolve  30  to  40  of  water,  and  are  dis- 
solved by  1,800  to  1,200  of  water  ;  the  former  and  latter  of 
these  numbers  being  respectively  characteristic  of  the  acicular 
and  pulverulent  varieties  of  the  acid.  In  odour,  taste,  and 
solubility  (and  in  appearance  when  liquefied  by  heat  or  by 
the  addition  of  5  per  cent,  of  water)  it  resembles  creasote,  a 
wood-tar  product  for  which  carbolic  acid  has  been  substituted. 
Besides  phenol  (C6H5OH),  coal-tar  oil  contains  cresol,  cresylic 
acid  (C7H7OH),  or  (C6H4CH3OH),  the  alcohol  of  toluene, 
while  wood-tar  oil  furnishes  guaiacol  (C7H802) — also  a  pro- 

*  Ordinary  carbolic  acid  is  a  mixture  of  phenol,  cresol,  and  other 
homologues. 

f  Phenol  soon  assumes  a  pink  colour  owing  (Pabrini)  to  the  action  of 
peroxide  of  hydrogen  and  ammonia  in  presence  of  traces  of  copper,  iron, 
or  lead. 
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duct  of  the  destructive  distillation  of  guaiacum-resin,  boiling- 
point  200°  0. — and  creasol  (C8H10O3),  or  creasote.  Certain 
colouring-matters  may  be  obtained  by  the  oxidation  of  car- 
bolic acid  :  ammonia  or,  still  better,  phenyl-ammonia  (aniline 
or  phenylamine)  mixed  with  it,  and  then  a  small  quantity  of 
solution  of  a  hypochlorite,  gives  a  blue  liquid.  No  very  satis- 
factory chemical  method  can  be  found  for  distinguishing 
creasote  from  carbolic  acid,  as  creasote  contains  phenol,  the 
chief  difference  consisting  in  the  fact  that  the  former  boils 
only  at  370°  F.,  while  the  latter  readily  dries  up  at  212°. 
Some  other  physical  differences  exist:  thus,  carbolic  acid 
does  not  affect  a  ray  of  polarized  light ;  creasote  twists  it 
slightly  to  the  right.  Carbolic  acid  is  either  solid  or  may 
be  solidified  by  cooling  ;  creasote  is  not  solidified  by  the  cold 
produced  by  a  mixture  of  hydrochloric  acid  and  sulphate  of 
sodium.  Creasote  from  coal  (impure  or  crude  carbolic  acid) 
gives  a  jelly  when  shaken  with  albumen  or  with  collodion;  cre- 
asote from  wood  (Creasotum,  B.P.)  is  scarcely  affected,  especi- 
ally if  quite  free  from  even  all  natural  traces  of  carbolic  acid. 
Coal-creasote  is  soluble  in  solution  of  potash  and  in  the 
strongest  solution  of  ammonia  (Read),  wood-creasote  scarcely 
soluble.  The  coal  product  is  soluble  in  twenty  volumes  of 
water,  and  a  neutral  solution  of  ferric  chloride  strikes  a  more 
or  less  permanent  green  or  blue  colour  with  the  liquid ;  wood- 
creasote  is  less  soluble  (Aqua  Creosoti,  U.S.P.,  is  said  to 
contain  1  in  129)  and  not  permanently  coloured  blue  by 
ferric  chloride.  An  alcoholic  solution  of  the  coal-oil  is 
coloured  brown  by  ferric  chloride,  a  similar  solution  of  true 
creasote  green.  A  dilute  solution  of  creasote,  such  as  creasote 
water,  is  not  affected  by  agitation  with  spirit  of  nitrous  ether, 
while  a  similar  solution  of  phenol  becomes  red.  A  few  drops 
of  the  spirit  of  nitrous  ether  are  placed  in  a  test-tube,  then 
about  a  drachm  of  the  aqueous  fluid,  and  an  equal  volume  of 
sulphuric  acid  is  poured  down  the  sides  of  the  tube.  A  pink 
or  red  colour  results  if  phenol  be  present,  especially  after 
standing  aside  a  short  time  (Eykman ;  MacEwan).  A  solu- 
tion of  carbolic  acid  gives,  with  excess  of  bromine  water  an 
insoluble  white  precipitate  of  tribromophenol,  C6H2Br,OH. 
This  reaction  is  useful  in  quantitative  estimations  of  carbolic 
acid.  The  extent  of  absorption  of  iodine  by  alkaline  solu- 
tions of  this  and  other  phenols  (thymol,  naphthol,  etc.)  serves 
also  for  quantitative  purposes.  According  to  Morson  pure 
creasote  is  unaffected  when  mixed  with  an  equal  volume  of 
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commercial  glycerine,  while  carbolic  acid  is  miscible  in  all 
proportions,  and  will  carry  into  solution  even  a  considerable 
quantity  of  creasote. 

Carbolic  acid  and  alkalies  yield  carbolates  or  phenylates, 
as  C6H5OK,  C6H5ONa.  Alcoholic  solutions  of  the  latter  and 
of  mercuric  chloride  yield  yellow  crystalline  mercuric  phenyl- 
ate  or  phenol-mercury  (06H50)2Hg. 

Carbolic  acid  is  a  powerful  antiseptic  (am,  anti,  against, 
and  arproy,  sepo,  to  putrefy).    In  large  doses  it  is  poisonous, 
antidotes  being  a  mixture  of  olive-oil  and  castor-oil,  freely 
administered,  or  a  mixture  of  slaked  lime,  with  about  three 
times  its  weight  of  sugar  rubbed  together  with  a  little  water. 
Carbolic  acid  is  soluble  in  sulphuric  acid,  sulphocarbolic  acid, 
phenol-sulphonic  acid   (C6H4(OH)S03H),  or  sulphophemc 
acid,  being  formed.    On  diluting  and  mixing  with  oxides, 
hydrates,  or  carbonates,  sulphocarbolates  are  formed.  The 
formula  of  sulphocarbolate  of  sodium  is  NaC6H5S042H20,or 
C6H4(OH)S03Na,  2H20.  It  is  obtained  by  saturating  sulpho- 
carbolic acid  by  carbonate  of  barium,  and  decomposing  the 
resulting  soluble  sulphocarbolate  of  barium,  (C6H4OHS03)2Ba, 
by  carbonate  of  sodium  until  a  precipitate  of  carbonate  of 
barium  ceases  to  form.    The  filtrate  on  evaporation  yields 
colourless,  neutral,  prismatic  crystals  of  the  salt  (Sodii  Sulpho- 
carbolas,  B.P.),  the  old  Sulphocarbolate  of  Soda.  Sulphocar- 
bolate of  Zinc,  (C6H4OHS03)2Zn,  H20  (Zinci  Sulphocarbolas 
B.P.),  may  be  obtained  by  saturating  sulphocarbolic  acid 
with  oxide  of  zinc. 

Trinitro-phenol  (C,3H2(N02)3OH)  is  formed^  on  slowly 
dropping  carbolic  acid  "into  fuming  nitric  acid  ;  it  is  the 
yellow  dye  known  as  carbazotic  acid,  ov  picric  acid  ;  most  of 
the  picrates  are  explosive  by  percussion. 

Both  carbolic  acid  and  benzene  are  secondary  products, 
obtained  in  the  manufacture  of  coal-gas  ;  hence,  indeed,  the 
word  phenic  and  thence  phenyl  (from  <f)aLvu),phaind,  I  light, 
an  allusion  to  the  use  of  coal-gas). 

By  heating  phenol  with  zinc  dust,  benzene  results, — 

C„H6OH  +  Zn  =  Z11O  +  C0H6. 

Salicylic  acid  is  made  from  phenol  (vide  Salicylic  Acid). 

Constitution  of  Phenol— Phenol  (C6H5OH)  may  be  re- 
garded as  benzene  (C6Hri)  in  which  one  atom  of  hydrogen 
(H)  is  displaced  by  hydroxyl  (OH).  When  two  atoms  of 
hydrogen  in  benzene  are  displaced  by  two  of  hydroxyl,  re- 
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sorcin  (C6H420H)  results,  a  colourless,  crystalline  antiseptic 
having  many  advantages  over  carbolic  acid  in  surgical 
operations.  Its  name  was  given  in  allusion  to  its  original 
source,  resin,  and  to  certain  similarities  -with  orcin.  It 
occurs  in  white  flat  prisms  readily  soluble  in  most  liquids. 
It  may  be  made  by  passing  benzol  vapour  into  hot  sulphuric 
acid  and  heating  the  product  (benzenedisulphonic  acid, 
CeH^SOj'OEQj)  with  excess  of  soda. 

C6H4(S02-NaO)2  +  2NaHO  =  C6H4(OH)2  +  2Nas-S03 

Benzenedisulphonate         Soda.  Resorcin.  Sulphite 

of  sodium.  of  sodium. 

Ortho-  Meta-  and  Para- Aromatic  Compounds. — Resorcin  is 
one  of  a  group  of  three  metameric  dihydroxyl-benzenes. 
Their  chemical  relationships  warrant  the  conclusion  (on  the 
atomic  theory)  that  the  cause  of  their  differences  in  proper- 
ties is  a  difference  of  position  of  the  two  atoms  of  hydroxyl 
in  the  molecule,  these  being,  respectively,  next  to  each  other, 
separated  by  one  atom  (of  CH),  and  by  two  atoms  (of  CH) 
{see  Constitution  of  Benzene,  p.  516),  thus: — 

C(HO)  C(HO)  C(HO) 

//\  //\  //\ 

HC     C(HO)  HC     CH  HC  CH 

I      II  I       II  I  II 

HC     CH  HC    C(HO)  HC  CH 

w  w  w 

CH  CH  C(HO) 

Ortho-dihydroxyl-  Meta-dihydroxyl-  Para-dihydroxyl- 

benzene  (pyrocatechin).  benzene  (resorcin).         benzene  (hydroquinone). 

The  foregoing  formulae  may  conveniently  be  shortened  as 
follows  :  — 

/in  / OH  pii  / OH  rTT/OH 

°^\OH(o)  L6H<\OHim)  U«H  \OH(p) 

In  these  formulae  the  letters,  o,  m,  or  p,  indicate  the  position 
of  the  atoms  of  hydroxyl  (OH)  in  relation  to  each  other ; 
o  signifying  the  ortho  position  of  one  atom  in  relation  (next, 
or  1,  2)  to  the  other ;  m  signifying  the  meta  position  of  one 
atom  in  relation  (next  but  one,  or  1,  3)  to  the  other  ;  and  p  sig- 
nifying the  para  position  of  one  atom  in  relation  (next  but 
two,  or  1,  4)  to  the  other.  Among  the  benzene  or  aromatic 
compounds  there  are  many  such  metameric  trios  (three 
xylenes,  three  phthalic  acids,  etc.),  their  occurrence  strongly 
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supporting  "  the  benzene  ring "  hypothesis  of  Kekule  as  to 
the  constitution  of  benzene  compounds. 

Cresol  or  Tolyl  Alcohol,  C6H4OHCH3,  one  of  the  alcohols 
of  toluene,  C6H5CH3,  is  always  found  with  crude  phenol; 
artificially  it  may  be  made  in  the  same  manner  as  phenol, 
by  acting  on  toluene  with  sulphuric  acid  and  heating  the 
resulting  sulphonic  acid  (C6H4(S03H)CH3)  with  potash. 
With  ferric  chloride  it  gives  a  brown  coloration.  The  three 
forms,  ortho-,  meta-,  para-,  are  known. 

Benzylic  Alcohol,  Phenylcarbinol,  C6H5CH2OH,  is  isomeric 
with  cresol,  but  has  the  hydroxyl  group  replaced  m  the 
methane  nucleus,  and  not  in  the  benzene  nucleus  of  toluene. 
Having  the  CH.OH  group,  on  oxidation  it  yields  benzoic 
aldehyde,  C6H5COH  (oil  of  bitter  almonds),  and  benzoic 
acid,  C6H5COOH. 


b.    Dihydroxyl  Derivatives  of  Hydrocarbons. 

Dihydric,  or  Dihydroxylic,  or  Diacid  Alcohols.  Glycols. 
CnH0n(OH)2  series  (see  also  p.  488).— Glycols  may  be  viewed 
as  dihydroxyl  derivatives  of  the  paraffins,  the  alcohols  of  the 
ethylic  series  being  mono-derivatives  : — 

C2H6  C2H5OH  C2H4(OH)2 

Ethane.  Ethyl  alcohol.  Glycol. 

They  are  prepared  by  acting  on  di-iodo-derivatives  of  the 
paraffins  by  acetate  of  silver,  and  then  treating  with  potash. 

C2H4I2  +  2CH3COOAg  =  (CH3COO)2C2H4  +  2AgI 

Di-iodoethane.      Acetate  of  Acetate  of         Iodide  of 

silver.  ethylene.  silver. 

(CH3CO-0)2C2H4  +  2KHO  =  C2H4(OH)2  +  2CH3-COOK 
Acetate  of  ethylene.       Potash.  Glycol.      Acetate  of  potassium. 

The  glycols  yield  very  interesting  results  on  oxidation, 
forming  two  sets  of  acids,  the  lactic  and  the  succinic  series. 

Aromatic  Glycols,  CnH2n_8(OH)2,  andSaligenin  Alcohols.— 
For  the  dihydric  alcohols  of  benzene,  namely,  resorcin,  pyro- 
catechin,  and  hydroquinone,  see  Phenol.  Toluene  dihydric 
alcohols.  Orcin,  CGH3(OH)2CH3.  This  is  found  in  lichens. 
Hydroxybenzylic  alcohol,  salicylic  alcohol,  saligenol,saligenin, 
C6H4OH  •  CH2OH.  This  is  obtained  from  the  salicin  of 
willow  bark.    Having  the  hydroxyl  group  in  the  methane 
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nucleus  as  well  as  in  the  benzene  nucleus,  salicylic  alde- 
hyde (C6H4OH-COH)  and  salicylic  acid  (C6H4OH  ■  COOH) 
are  formed  on  oxidation. 


c.    Trihydroxyl  Derivatives  of  Hydrocarbons. 

Trihydric  Alcohols. — CnH2ll_1(OH)3  series.  Glycerols. 
Glycerine. 

Glycerol,*  propenyl  alcohol,  glycerine,  C3H5(OH)3.— The 
propenyl  (glycyl  or  glyceryl)  of  glycerine  in  combination  with 
many  of  the  acidulous  radicals  of  the  acids,  oleic,  palmitic, 
stearic,  etc.,  forms  most  of  the  solid  fats  and  oils.  When 
these  latter  substances  are  heated  with  metallic  hydrates 
(even  with  water — hydrate  of  hydrogen — at  a  temperature 
of  500°  to  600°  E\),  double  decomposition  occurs,  oleate,  pal- 
mitate,  or  stearate  of  the  metal  is  formed,  and  glycerol 
(propenyl  hydrate)  is  set  free.  Hence  glycerine  is  a  by- 
product in  the  manufacture  of  soap,  hard  candles,  and  lead 
plaster  (vide  Index). 

Properties.— Glycerine  is  viscid  when  pure,  specific  gravity 
1-28  (about  1-25,  B.P.),  has  a  sweet  taste,  and  is  soluble  in 
water  or  alcohol  in  all  proportions.  It  has  remarkable 
powers  as  a  solvent,  is  a  valuable  antiseptic  even  when 
diluted  with  10  parts  of  water,  and  useful  as  an  emollient. 
In  vacuo  it  may  be  distilled  unchanged,  but  under  ordinary 
atmospheric  pressure  it  is  decomposed  by  heat,  especially  if 
distillation  be  attempted  in  a  flask  or  retort.  In  a  shallow 
open  vessel  heat  readily  vaporizes  it  if  a  little  water  be  pre- 
sent. From  damp  air  glycerine  absorbs  moisture  slowly  but 
in  considerable  proportions.  Perfectly  pure  and  anhydrous 
glycerine,  at  a  few  degrees  below  the  freezing  point  of 
water,  sometimes  solidifies  to  a  mass  of  crystals. 

Tests. — Heat  one  or  two  drops  of  glycerino  in  a  test-tube, 
alone  or  with  strong  sulphuric  acid,  acid  sulphate  of  potas- 
sium, or  other  salt  powerfully  absorbent  of  water;  vapours 
of  acrolein,  acrylic  aldehyde  (from  acer,  sharp,  and  oZeitm, 
oil)  are  evolved, — 

*  It  will  be  noticed  that  all  the  alcohols  have  the  termination  -ol, 
carbinol,  glycol,  glycerol,  saligenol,  pyrogallol. 
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C3H5(OH)3    =    2H20    +  CH2CH-COH 
Glycerol.  Water.  Acrylic  aldehyde. 

recognised  by  their  powerfully  irritating  effects  on  the  eyes 
and  respiratory  passages.  If  the  glycerine  be  in  solution, 
the  latter  must  be  evaporated  as  low  as  possible  before  the 
test  is  applied. 

To  a  little  weak  solution  of  borax,  reddened  by  the  addi- 
tion of  phenol-phthalein,  add  a  few  drops  of  the  solution 
(neutralized,  if  necessary)  suspected  to  contain  glycerine  ;  if 
any  is  present,  the  colour  will  be  discharged  owing  to  the 
liberation  of  free  boric  acid,  but  will  re-appear  on  heating 
the  solution  ;  this  reaction  is  also  given  by  other  poly-hydric 
alcohols,  such  as  mannite  or  glucose. 

Add  a  few  drops  of  the  fluid  suspected  to  contain  the 
glycerine  to  a  little  powdered  borax  ;  stir  well  together ; 
dip  the  looped  end  of  a  platinum  wire  into  the  mixture,  and 
expose  to  an  air-gas  flame  ;  a  deep  green  colour  is  produced 
(Senier  and  Lowe). 

The  glycerine  liberates  boric  acid,  which  colours  the  flame 
(see  p.  395).  Ammoniacal  salts,  which  similarly  affect  borax, 
must  first  be  got  rid  of  by  boiling  with  solution  of  carbonate 
of  sodium.  Acids  must  also  be  neutralized.  Liquids  con- 
taining much  indefinite  organic  matter  must  sometimes  be 
evaporated  to  dryness,  the  residue  extracted  by  alcohol,  and 
the  latter  tested  for  the  glycerine.  To  detect  traces,  liquids 
must  be  concentrated. 

Glycerine,  by  action  of  very  strong  nitric  acid,  yields 
hitro- glycerine,  or  nitrate  of  glyceryl  (C3H53N03).  It  is 
highly  explosive,  a  very  small  quantity  being  liable  to  ex- 
plode during  preparation,  and  with  great  violence.  75  parts 
of  nitroglycerine  absorbed  by  25  of  porous  silica,  yield  a 
pasty  mass  more  convenient  to  handle  than  nitroglycerine 
itself ;  it  is  used  for  blasting,  under  the  name  of  dyna- 
mite. Tablets  of  chocolate,  weighing  2£  grains,  and  con- 
taining grain  of  nitroglycerine,  constitute  the  Tabellm 
Nitroglycerini,  B.P.  A  "one  per  cent."  solution  in  rectified 
spirit  (that  is,  1  part  by  weight  in  100  by  volume)  is  the 
Liquor  Trinitrini,  B.P. ;  Liquor  Nitroglycerin,  B.P. ;  or 
Liquor  Glonoini,  B.P.    Its  specific  gravity  is  0-844. 

A.C.  N  N 


546 


ORGANIC  CHEMISTRY. 


Besides  glycerine  itself  (Glycerinum,  B.P.),  there  are 
several  official  preparations  of  glycerine, — solutions  of  car- 
bolic, gallic,  and  tannic  acids  and  borax  in  glycerine,  and  a 
sort  of  mucilage  of  starch  in  glycerine,  —  Glycerinum  Acidi 
Carbolici,  Glycerinum  Acidi  Gallici,  Glycerinum  Acidi 
Tannici,  Glycerinum  Aluminis,  Glycerinum  Amyli}  Gly- 
cerinum Boracis,  Glycerinum  Plumbi  Subacetatis,  and 
Glycerinum  Tragacanthce. 

Fatty  Bodies. 

Processes  of  extraction. — Fixed  oils  and  fats  are  extracted 
from  animal  and  vegetable  substances  by  pressure  or  strain- 
ing, with  or  without  the  aid  of  heat,  or  by  digestion  in 
solvents,  as  ether,  etc.,  and  evaporation  of  the  solvent. 

Constitution  and  general  relations. — Fixed  oils  and  fats  are, 
apparently,  almost  as  simple  in  constitution  as  ordinary 
inorganic  salts.  Just  as  acetate  of  potassium  (KC2H302) 
is  regarded  as  a  compound  of  potassium  (K)  with  the 
characteristic  elements  of  all  acetates  (C2H302),  so  soft  soap 
is  considered  to  be  a  compound  of  potassium  (K)  with  the 
elements  characteristic  of  all  oleates  (C18H3302),  and  hence 
is  chemically  termed  oleate  of  potassium  (KC18H3302). 
Olive  oil  (Oleum  Oliva;,  B.P.),  from  which  soap  is  officially 
prepared,  is  mainly  oleate  of  the  trivalent  radical  glyceryl 
(C3H5),  the  formula  of  such  a  fluid  oil  being  C3H53C18H3302, 
and  its  name  oleine.  The  formation  of  a  soap  therefore,  on 
bringing  together  oil  and  a  moist  oxide  or  hydrate,  is  a 
simple  case  of  double  decomposition  (or,  rather,  metathesis), 
as  seen  already  in  connection  with  lead  plaster  (p.  244),  or 
in  the  following  equation  relating  to  the  formation  of  com- 
mon hard  soap  : — 

3NaHO    +    C3H63C18H3302    =    3NaC18H3A    +  C3H53HO 
Hydrate  of  sodium  Oleato  of  glyceryl       Oleate  of  sodium    Hydrate  of  glyceryl 
(caustic  soda).        (vegetable  oil).  (hard  soap).  (glycerine). 

Berthelot  has  succeeded  in  preparing  oil  artificially  from 
the  oleate  of  hydrogen,  or  oleic  acid,  HC18H3302,  and  glycer- 
ine ;  and  it  is  said  to  be  identical  with  the  pure  oleine  oi 
olive  oil  and  of  other  fixed  oils.  . 

Olive  oil  is  liable  to  contain  cotton-seed  oil.  The  admixture 
mav  be  detected  by  Bechi's  test.  Take  1  grain  of  crystal- 
lized nitrate  of  silver  and  dissolve  it  in  the  smallest  possible 
quantity  of  water  (about  1  CO.),  and  add  200  c.c.  of  alcohol 
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(96°)     The  addition  also  of  20  c.c.  of  sulphuric  ether  is  a 
good  one,  in  that  it  makes  the  reagent  better  miscible  with 
the  oil  to  be  examined,  but  it  is  not  necessary.    On  he  other 
hand  prepare  a  solution  composed  of  85  parts  of  amylic 
alcohol  and  15  parts  of  oil  of  rape  seed.    These  reagents 
should  be  made  as  needed,  and  not  kept  on  hand  for  any 
length  of  time.    To  apply  the  test,  take  10  c.c.  of  the  oil  to 
be  examined,  add  1  c.c.  of  the  alcoholic  solution  of  nitrate  of 
silver,  and  then  from  8  to  10  c.c.  of  the  mixture  of  amylic 
alcohol  and  oil  of  rape;  agitating  strongly  and  then  heating 
on  a  water-bath  for  five  or  ten  minutes.    In  the  case  of  pure 
oils,  the  colour  remains  the  same  as  it  was  after  the  addition 
of  the  reagents.    If  cotton-seed  oil  be  present  there  will  be 
produced  a  brownish  colour,  or  turbidity,  of  a  varying  grade, 
from  a  very  light  brown  to  a  deep  maroon  or  black,  according 
to  the  quantity  of  cotton  oil  present.  * 
Hard  fats  chiefly  consist  of  s^arine-that  is,  of  tristearate 
of  glyceryl  (C3H53C18H3502).    Mr.  Wilson,  of  Price  s  Candle 
Company,  obtains  stearic  and  oleic  acids  and  glycerine  by 
simply  passing  steam,  heated  to  500°  or  600°  F  through 
melted  fat.    Both  the  glycerine  and  fat-acids  distil  over  m 
the  current  of  steam,  the  glycerine  dissolving  in  the  condensed 
water,  the  fat-acids  floating  on  the  aqueous  liquid  irom 
oleate  of  glyceryl  and  hydrate  of  hydrogen  there  result  oleate 
of  hydrogen  and  hydrate  of  glyceryl  *     The  oleic  acid 
(Acidum  Oleicum,  B.P.)  is  separated  by  cooling  and  pressing 
the  mixture.    It  is  "  a  straw-coloured  liquid,  nearly  odourless 
and  tasteless,  and  with  not  more  than  a  very  faint  acid  re- 
action.   Unduly  exposed  to  air,  it  becomes  brown  and  deci- 
dedly acid.    Specific  gravity,  0-860  to  0-890.    It  is  insoluble 
in  water,  but  readily  soluble  in  alcohol,  chloroform,  and 
ether.    At  40°  to  41°  P.  (4-5°  to  5°  C.)  it  becomes  semi-solid 
melting  again  at  56°  to  60°  P.  (13-3°  to  15-5°  C).    It  should 
be  completely  saponified  when  warmed  with  carbonate  ot 
potassium  ;  and  an  aqueous  solution  of  this  salt,  neutralized 
by  acetic  acid  and  treated  with  acetate  of  lead,  should  yield 
a  precipitate  which,  after  washing  with  boiling  water,  is 
almost  entirely  soluble  in  ether,"  showing  the  absence  of  any 

*  Any  such  decomposition  of  watec  and  fixation  of  its  elements, 
whether  direct  as  above,  or  indirect  through  the  intermediate  agency  of 
saponification,  is  termed  hydrolysis  {iiStap,  huddr,  water,  \6w,  luo,  to  de- 
compose). The  fixation  of  water  without  decomposition  is  termed 
hydration. 
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important  quantity  of  stearic  and  palmitic  acids,  the  lead 
stearate  and  palmitate  being  insoluble  in  ether. 

In  a  mixture  of  oils  or  fats  and  free  fatty  acids,  the  latter 
may  be  estimated  by  taking  advantage  of  their  solubility  in 
spirit  of  wine,  and  the  formation  of  a  neutral  soap  on  shaking 
the  spirituous  solution  with  caustic  soda,  phenolphthalei'n 
being  used  as  indicator.  {See  the  section  on  the  use  of  the 
caustic  soda  solution  in  volumetric  analysis.) 

The  author  found,  Pharmaceutical  Journal,  March,  1863, 
that  oleic  acid  readily  combines  with  alkaloids  and  most  of 
the  metallic  oxides  or  hydrates,  forming  oleates  which  are 
soluble  in  fats.  In  this  way  active  medicines  may  be  admin- 
istered internally  in  conjunction  with  oils,  or  externally  in 
the  form  of  ointments  {Oleatum  Hydrargyria  B.P.,  and  Oleatum 
Zinci^.V.;  Oleatum  Veratrince, U.S. P.).  Tichborne  considers 
the  formula  of  mercuric  oleate  to  be  Hg^gHggC^HgO. 

Some  fats,  such  as  "suint"  from  sheep's  wool,  and  the 
unctuous  matter  from  bristles,  feathers,  horn  and  hair  gene- 
rally, yield,  by  saponification,  etc.,  fatty  acids  and,  instead 
of  glycerine,  cholesterin,  an  alcoholoid  crystalline  substance. 
The  "  lanolin  "  of  pharmacy  is  cholesterin  fat  which  has 
absorbed  a  large  volume  of  water. 

Adeps  Lance,  or  "Wool  Fat,  B.P.,  is  "  the  purified  choles- 
terin fat  of  sheep's  wool."  It  is  "a  yellowish  tenacious 
unctuous  substance ;  almost  inodorous ;  with  a  melting- 
point  varying  from  100°  F.  (37°-8  C.)  to  112°  F.  (44°'4  C); 
readily  soluble  in  ether  and  in  chloroform,  sparingly  soluble 
in  rectified  spirit.  Ten  grains  should  dissolve  almost  com- 
pletely in  fourteen  fluid  drachms  of  boiling  ethylic  alcohol, 
the  greater  part  separating  in  flocks  on  cooling.  Ignited 
with  free  access  of  air,  it  barns,  leaving  but  a  trace  of  ash. 
Fifty  grains  dissolved  in  four  fluid  drachms  of  ether,  and 
two  drops  of  tincture  of  phenolphthalein  added,  should  not 
require  more  than  two  grain-measures  of  volumetric  solution 
of  soda  to  produce  a  permanent  red  coloration.  The  solution 
in  chloroform  poured  gently  over  the  surface  of  sulphuric 
acid  acquires  a  purple-red  colour.  Heated  with  solution  of 
soda,  no  ammoniacal  odour  should  be  evolved." 

Adeps  Lance  Hydrosus,  or  Hydrous  Wool  Fat,  B.P.,  is  an 
intimate  mixture  of  7  parts  of  wool  fat  with  3  of  water.  It 
is  commonly  known  as  "  Lanoline."  It  is  "  yellowish  white  ; 
free  from  rancid  odour.  When  heated  it  separates  into  an 
upper  oily  and  lower  aqueous  layer.    One  hundred  grains 
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exposed  over  a  water-bath  until  the  weight  is  constant  yields 
not  less  than  seventy  grains,  which  should  answer  to  the 
tests  for  wool  fat." 

Soaps. 

Olive  oil  boiled  with  solution  of  potash  yields  potassium 
soap,  or  soft  soap  (Sapo  Mollis,  B.P.) ;  with  soda,  sodium 
soap,  or  hard  soap  (Sapo  Durus,  B.P.),  or  white  Castile  soap, 
as  distinguished  from  the  variety  of  hard  Castile,  or  Mar- 
seilles soap,  which  is  "mottled"  by  iron  soap;  mixed  with 
ammonia,  an  ammonium  soap  (Linimentum  Ammonice,  B.P.); 
and  with  lime-water,  calcium  soap  (Linimentum  Calcis,  B.P.), 
—all  oleates,  chiefly,  of  the  respective  basylous  radicals. 
Their  mode  of  formation  is  indicated  in  the  equation  on  page 
546.  The  alkali  soaps  are  soluble  in  alcohol,  the  others 
insoluble.  A  green  soap,  much  used  on  the  continent  of 
Europe,  and,  indeed,  official  in  Germany  (formerly  as  Sapo 
Viridis,  now  as  Sapo  Kalinus  Venalis),  is  made  by  adding 
indigo  to  ordinary  soft  soap  ;  the  yellow  colour  of  the  soap 
yielding  with  the  indigo  a  greenish  compound.  The  official 
characters  of  Hard  Soap  are  :— "  greyish- white,  dry,  inodor- 
ous ;  horny  and  pulverizable  when  kept  in  dry  warm  air  ; 
easily  moulded  when  heated  ;  soluble  in  rectified  spirit ;  not 
imparting  an  oily  stain  to  paper ;  incinerated  it  yields  an  ash 
which  does  not  deliquesce."  And  of  Soft  Soap  :— "  yellowish- 
green,  inodorous,  of  a  gelatinous  consistence  ;  soluble  in  recti- 
fied spirit ;  not  imparting  an  oily  stain  to  paper  :  incinerated 
it  yields  an  ash  which  is  very  deliquescent."  Curd  Soap 
(Sapo  Animalis,  B.P.)  is  "  a  soap  made  with  soda  and  a  puri- 
fied animal  fat,  consisting  principally  of  stearine."  It  will, 
of  course,  chiefly  contain  stearate  of  sodium.  In  pharmacy 
it  is  often  advantageously  employed  instead  of  the  "  hard 
soap." 

The  hard  soap  met  with  in  trade  is  made  from  all  varieties 
of  oil,  the  commoner  kinds  being  simply  the  product  of  the 
evaporated  mixture  of  oil  and  alkali,  while  the  better  sorts 
have  been  separated  from  alkaline  impurities  and  theglycerine 
by  the  addition  of  common  salt,  or  excess  of  lye,  to  the 
liquors,  which  causes  the  precipitation  of  the  pure  soap  as 
a  curd.  Potash  soap  is  not  so  readily  precipitable  by  salt ; 
moreover,  some  soda  soap  results.  Saponification  on  the 
small  scale  is  much  facilitated  by  first  well  mixing  the  oil 
with  5  per  cent,  of  sulphuric  acid,  and  letting  this  mixture 
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stand  for  twenty-four  hours.  The  dark  product  is  then 
readily  soluble  when  boiled  with  soda,  and  the  clear  fluid 
yields  a  crust  of  white  soap  on  cooling.  If  required  quite 
free  from  alkali,  the  resulting  soap  is  boiled  with  water 
until  dissolved,  salt  added,  and  the  whole  cooled.  A  cake  of 
pure  soap  results. 

Yellow  soap  is  a  common,  cheap  soap,  containing  a  good  deal 
of  resin  soap,  resin  consisting  chiefly  of  acids — pinic,  sylvic, 
pimaric,  etc. — which  readily  unite  with  alkalies  to  form  true 
soaps. 

Saponification. — This  term  is  now  extended  in  chemistry 
so  as  to  include  any  process  analogous  to  the  foregoing, — any 
reaction  in  which  an  alkali  decomposes  any  ethereal  salt  or 
alkyl  salt. 

Solid  Pats. 

1.  Lard  (Adeps  Prceparatus,  B.P.)  is  the  purified  internal 
fat  of  the  abdomen  of  the  hog— the  perfectly  fresh  omentum 
or  flare,  freely  exposed  to  the  air  to  dissipate  animal  odour, 
rubbed  to  break  up  the  membranous  vesicles,  melted  at  about 
130°  F.  (54-4°  C),  and  filtered  through  paper  or  flannel.  2.  Ben- 
zoated  Lard  (Adeps  Benzoatus,  B.P.)  is  prepared  lard  heated 
over  a  water-bath  with  benzoin  (one  part  to  fifty),  which  com- 
municates an  agreeable  odour  and  prevents  or  retards  ranci- 
dity. Purified  lard  is  a  mixture  of  oleine  (lard  oil,  removable 
by  pressure)  and  stearine.  Margarine,  formerly  supposed  to  be 
a  constituent  of  lard  and  other  soft  fats,  is  now  regarded  as 
a  mere  mixture  of  palmitine  (the  chief  fat  of  palm-oil)  and 
stearine.  3.  Suet,  the  internal  fat  of  the  abdomen  of  the 
sheep,  purified  by  melting  and  straining,  forms  the  official 
Prepared  Suet  (Sevum  Prceparatum,  B.P.) ;  it  is  almost  ex- 
clusively composed  of  stearine  (C3H53Ci8H3502).  4. _  Ex- 
pressed oil  of  Nutmeg  (Oleum  Myristicce  Expressum,  B.P.), 
commonly  but  erroneously  termed  Oil  of  Mace,  is  a  mixture 
of  a  little  volatile  oil  with  much  yellow  and  white  fat ;  the 
latter  is  myristin  or  myristate  of  glyceryl  (C3H53Ci4H37Oo). 
5.  Oil  of  Theobroma,  or  Cacao  butter  (Oleum  Theobromatis, 
BP),  chiefly  stearine,  but  with  one  higher  and  some  lower 
homologues  (Heintz),  is  a  solid  product  of  the  roasted  and 
crushed  seeds  or  cocoa  nibs  of  the  Theobroma  Cacao.  They 
contain  from  one-half  to  two-thirds  of  this  fat.  [Cocoa  is 
too  rich  for  use  as  food,  hence  is  diluted  with  farina  {cheap 
cocoa)  or  sugar  (chocolate)  or  has  a  portion  of  its  fat  extracted, 
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while  its  solubility  is,  in  one  brand,  usefully  increased  by 
a  slight  addition  to  its  potassium.]    6.  Cocoa-nut  oil  or  but- 
ter a  soft  fat  contained  in  the  edible  portion  of  the  nut 
of  'Cocos  nucifera,  or  cocoa-nut  of  the  shops,  is  a  body 
containing   glyceryl  united  with   six  acidulous  radicals, 
namely,  the  caproic  (C6Hn02),  caprylic   (C8H1502),  rutic 
(C10H19Oo),  lauric  (C12H2302),  myristic  (CuH2702),  and  pal- 
mitic (C16H3102)— radicals  which,  like  some  from  resin, 
when  united  with  sodium,  form  a  soap  differing  from  ordi- 
nary hard  soap  (oleate  of  sodium)  by  being  tolerably  soluble 
in  a  solution  of  chloride  of  sodium ;  hence  the  use  of  cocoa- 
nut  oil  and  resin  in  making  marine  soap,  a  soap  which, 
for  the  reason  just  indicated,  readily  yields  a  lather  in  sea- 
water.    7.  Kokum  Butter,  Garcinia  Oil,  or  Concrete  Oil  of 
Mangosteen,  a  whitish  or  yellowish-white  fat  obtained  from 
the  seeds  of  Garcinia  Indica  or  G.  purpurea,  is  composed  of 
stearine,  myristicine,  and  oleine.    It  is  recognised  officially 
in  the  Pharmacopoeia  of  India  (Garciniai  purpurea*  Oleum). 

Butter  commonly  yields  87|  per  cent,  of  insoluble  fat  acids 
by  saponification  and  decomposition  of  the  soap  by  acid. 
Other  animal  fats,  with  which  butter  is  likely  to  be  adulte- 
rated, yield  about  95^.  Hence  the  percentage  of  fat  acids, 
and,  especially,  volatile  acids,  insoluble  acids,  and  soluble 
acids, yielded  by  a  suspected  sample  of  butter,  indicates  purity 
or  the  opposite.  Occasionally,  however,  a  sample  of  genuine 
butter  may  not  conform  to  the  figures,  hence  _  they  cannot  be 
relied  on  to  show  the  exact  extent  of  sophistication. 

Fixed  Oils. 

Fixed  and  Volatile  oils  are  naturally  distinguished  by 
their  behaviour  when  heated ;  they  also  generally  differ  in 
chemical  constitution— a  fixed  oil  being,  apparently,  a  com- 
bination of  a  basylous  with  an  acidulous  radical,  as  already 
stated,  while  a  volatile  oil  is  more  commonly  a  neutral  or 
normal  hydrocarbon,  mixed  with  a  comparatively  small  pro- 
portion of  a  body — containing  oxygen  as  well  as  carbon  and 
hydrogen— to  which  the  odour  of  the  oil  is  generally  due, 
The  latter  bodies  are  now  articles  of  trade  under  the  name  of 
"  concentrated  essential  oils." 

Drying  and  Non-drying  Oils.—  Among  fixed  oils,  most  of 
which  are  oleate  with  a  little  palmitate  and  stearate  of 
glyceryl,  a  few,  such  as— 1.  Linseed  Oil  (Oleum  Lini,  B.P., 
contained  in  Lini  Semina,  B.P.,  the  ground  residue  of  which 


552 


ORGANIC  CHEMISTRY. 


is  linseed  meal,  Lini  Farina,  B.P.),  and,  2.  Cod-liver  oil 
(Oleum  Morrhuce,  B.P.),  and,  to  some  extent,  castor  and 
croton,  are  known  as  drying  oils,  from  the  readiness  with 
which  they  absorb  oxygen  and  become  hardened  to  a  resin. 
Linseed  commonly  contains  37  or  38  per  cent,  of  oil ;  25  to  27 
per  cent,  is  obtained  by  submitting  the  ground  seeds  to  hy- 
draulic pressure,  10  to  12  per  cent,  remaining  in  the  residual 
oil-cake.  Boiled  oil  is  linseed  oil  which  has  been  boiled  with 
oxide  of  lead.  This  treatment  increases  the  already  great 
tendency  of  linseed  oil  to  resinify,  forming  linoxyn  (C32H5iOu) 
on  exposure  to  air.  The  drying  oils  appear  to  contain  lino- 
leine,  an  oily  body  distinct  from  oleine.  Cod-liver  oil  contains 
an  unimportant  trace  of  iodine,  1  in  one  or  two  million  parts, 
according  to  Stanford;  a  little  choline  also,  and  other  bases, 
Gautier  and  Mourgues  having  recently  isolated  aselline, 
C25H32N4,  and  morrhuine,  C19H27N3,  besides  butyl-,  amyl-. 
and  hexyl-amines  and  dihydro-lutidine.  Among  the  non- 
drying  oils  are  the  following  : — 3.  Almond  oil  (Oleum  Amyg- 
dalm,  B.P.),  indifferently  yielded  by  the  bitter  (Amygdala 
Amara,  B.P.)  or  sweet  seed  (Amygdala  Dulcis,  B.P.),  to  the 
extent  of  45  and  50  per  cent,  respectively.  4.  Croton  oil 
(Oleum  Crotonis,  B.P.).  Geuther  states  that  no  such  acid  as 
crotonic  is  obtainable  from  croton  oil,  but  acetic,  butyric, 
valerianic,  and  higher  members  of  the  oleic  series,  together 
with  tiglic  acid,  HC5H702.  H.  Senior  states  that  alcohol 
separates  croton  oil  into  a  soluble  oil  containing  the  powerful 
vesicating  principle  of  croton  oil  and  an  insoluble  non- vesi- 
cating but  powerfully  purgative  principle.  Kobert  states 
that  free  crotonoleic  acid  is  both  the  vesicant  and  the  purga- 
tive. 5.  Lycopodium,  a  yellow  powder  composed  of  the 
spores  of  the  common  Club-Moss  (Lycopodium  clavatum), 
contains  a  large  proportion  of  a  very  fluid  fixed  oil ;  also  an 
alkaloid  (Bodeker)  C32H52N303.  6.  Olive  oil  (Oleum  Oliva>., 
B.P.),  already  noticed.  7.  Castor  oil  (Oleum  Ricini,  B.P.) 
chiefly  a  ricinoleate  of  glyceryl  (C3H53C18H3303)  or  ricino- 
leine,  a  slightly  oxidized  oleine,  soluble,  unlike  most  fixed 
oils,  in  alcohol  and  in  glacial  acetic  acid.  Castor-oil  seeds 
were  stated,  by  Tuson,  to  contain  an  alkaloid,  ricinine. 
Beck  has  recently  confirmed  Tuson,  giving  as  the  formula 
C24H32N703.  It  possesses  no  purgative  property.  They  also 
contain  an  albumose,  ricin,  resembling,  physiologically,  but 
not  quite  chemically,  the  abrin.  of  jequirity.  8.  Oil  of  male 
fern(Filix  Mas,  B.P.);  a  vermifuge  obtained  by  exhausting 
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the  rhizome  with  ether  and  removing  the  ether  by  evapora- 
tion—a dark-coloured  oil  containing  a  little  volatile  oil  and 
resin,  and  officially  termed  an  extract  {Extractum  Fihcis 
Liquidum  B.P.).   Its  chief  active  constituent  appears  to  be 
fllicic  acid,  C35H40013.    9.  Fixed  oil  of  mustard  a  bland,  in- 
odorous, yellow  or  amber  oil,  yielding  by  saponification  and 
action  of  sulphuric  acid,  glycerine,  oleic  acid,  and  erucic  acid 
(Ha2H4lOo)  (Darby).    10.  Arachis  oil  {Oleum  Arachis,  P.I ) 
is  found  to"  the  extent  of  40  or  50  per  cent,  in  the  seeds  of  the 
Arachis  hypogcea  (PI.),  the  Ground-nut  or  Earth-nut  (so- 
called  because  the  pod  of  the  herb  in  the  growth  of  its  stalk 
downwards  is  forced  beneath  the  surface  of  the  ground  and 
there  ripens).    It  is  chiefly  oleine,  but  contains  hypogseine, 
palmitine,  and  arachine.    The  oil  is  largely  used  in  India  in 
the  place  of  olive  oil,  and  is  becoming  much  employed  m 
Europe,  especially  for  soap-making.  11.  Sesame"  oil  (Gingelly, 
Teal,  or  Benne  Oil)  from  the  seeds  of  Sesamum  Indicum,  is 
also  largely  used  in  Europe.    It  has  most  of  the  characters 
of  the  best  olive  oil.  It  may  be  detected  in  olive  oil  by  shak- 
ing the  sample  with  a  solution  of  pyrogallic  acid  in  strong 
hydrochloric  acid,  and  separating  and  boiling  the  acid  fluid, 
a  purplish  colour  resulting  if  sesame  be  present.    12.  Shark- 
liver  oil,  from  Squalus  carcharias  (Oleum  Squalw,  P.I.),  is 
used  as  a  substitute  for  cod-liver  oil  in  India. 


Trihydric  Alcohols  of  the  CnH2n_9(OH)3  series. 
Pyrogallol  or  Pyrogallic  acid—  Trihydroxybenzene,  C6H3 
(OH)3.    {Vide  Index.) 


d.   Other  polyhydroxyl  Derivatives  of  Ihjdrocarbons. 

Only  one  tetrahydric  alcohol  is  known,  namely  Erythrite, 
or  Lichen  Sugar,  C+H6(OH)4,  found  in  Protococcus  vulgaris, 
Roccella  tinctoria,  and  R.  juciformis.  Quercite,  the  sugar 
of  acorns,  is  penthydric;  Mannite  is  hexahydric.  Sorbite 
occurs  in  the  fruits  of  the  order  rosaceai. 


Hexahydric  Alcohols.  Mannite,  C6H8(OH)G.— Boil  manna 
with  15  or  16  parts  of  alcohol,  filter,  and  set  aside;  mannite 
separates  in  colourless  shining  crystals  or  acicular  masses,  to 
the  extent  of  from  60  to  80  per  cent,  of  the  manna.    It  is 
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closely  related  to  the  ordinary  sugars,  glucose  becoming 
mannite  by  action  of  nascent  hydrogen  : — 

C0H12Oa  +  H2  =  C6H14O0 
Glucose.         Hydrogen.  Mannite. 

Mannite  does  not  undergo  fermentation  in  contact  with 
yeast.  With  nitric  acid  it  forms  explosive  nitromannite, 
C6H8(N03)6. 

Manna,  B.P.,  is  "  a  concrete  saccharine  exudation  obtained 
by  making  transverse  incisions  in  the  stems  of  cultivated 
trees  of  Fraxinus  Ornus."  It  occurs  "  in  stalactitic  pieces, 
varying  in  length  and  thickness,  flattened  or  somewhat  con- 
cave on  their  inner  surface,  and  of  a  pale  yellowish-brown 
colour,  and  nearly  white  externally.  This  manna,  which  is 
known  as  flake  manna,  is  crisp,  brittle,  porous,  crystalline  in 
structure,  and  readily  soluble  in  about  six  parts  of  water. 
Odour  faint,  resembling  honey ;  taste  sweet  and  honey-like, 
combined  with  a  slight  acridity  and  bitterness."  It  contains 
about  10  per  cent,  of  moisture.  Mannite  is  also  met  with  in 
celery,  onions,  asparagus,  certain  fungi  and  sea-weeds,  occurs 
in  the  exudations  of  apple-  and  pear-trees,  and  is  produced 
during  the  viscous  fermentation  of  sugar. 

Dulcite,  isomeric  with  mannite,  is  formed  by  the  action  of 
nascent  hydrogen  on  inverted  milk  sugar.  It  differs  from 
mannite  by  oxidizing  to  mucic  acid,  C6H10O8,  when  treated 
with  nitric  acid. 


'  QUESTIONS  AND  EXEECISES. 

How  is  phenol  artificially  and  commercially  prepared  ? — How  would 
you  distinguish  carbolic  acid  from  creasote? — Give  the  formulre  and 
systematic  names  for  picric  acid,  carbolate  of  sodium,  and  resorcin. 
Give  names  for  the  bodies  having  the  formulre  Cr,H,OHCH3  and 
CcH6CH2OH.— What  are  glycols?  how  prepared ?— Give  formula  and 
mention  the  chief  properties  of  glycerine. — What  is  the  specific  gravity 
of  glycerine  ?— By  what  test  is  glycerine  recognised  ? — Enumerate  some 
official  preparations  in  which  glycerine  is  employed. — Give  a  sketch  of 
the  general  chemistry  of  fixed  oils,  fats,  and  soaps.— What  is  the  differ- 
ence between  hard  and  soft  soap  ?— Which  soaps  are  official  ? — Name  the 
source  of  lard.  How  is  "  Prepared  Lard  "  obtained  ?— Mention  the  chief 
constituent  of  suet.— Whence  is  cacao-butter  obtained  ?— Why  is  maritu 
soap  so  called  ?  and  from  what  fatty  matter  is  it  almost  exclusively  pre- 
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pared  9-What  do  you  understand  by  drying  and  n^d^in^fZ^t 
K  respect  does  castor  oil  differ  from  other  oils?-Ho^  is  ml  rf  ma  e 
fern  (Ex  Filicis  Liquidum)  prepared  7-Classify  pyrogallol  WW"}™ 
acid),  erythrite,  mannite,  and  dulcite.-Descnbe  the  source  and  charac 
ters  of  manna. 


CARBOHYDRATES. 

Under  the  name  carbohydrates  have  been  grouped  a  large 
number  of  compounds  containing  carbon  with  hydrogen  and 
oxygen  in  the  same  proportion  as  in  water  and  whose  con- 
stitution has  only  recently  been  understood.  They  include 
sugars,  dextrin,  starch,  cellulose,  etc.  The  molecules  of 
some  of  the  latter  are  very  complex,  but  are  resolved  by 
hvdrolysis  into  sugars  such  as  glucose. 

The  most  commonly  occurring  carbohydrates  contain 
six  carbon  atoms  or  even  multiples  of  that  number-  but 
analogous  bodies  with  three,  five,  seven  or  nine  carbon  atoms 
in  the  molecule  have  lately  been  discovered. 

The  sugars  are  the  simplest  of  the  carbohydrates  in  con- 
stitution, and  a  large  number  of  them,  some  identical  with 
previously  known  natural  sugars,  some  previously  unknown, 
have  been  synthesized.  They  are  partially  oxidized  poly- 
hvdric  alcohols,  having  one  of  their  alcohol  groupings 
oxidized  into  an  aldehyde  or  ketone  group.  Tor  example, 
the  trihydric  alcohol  glycerine,  on  gentle  oxidation  with 
bromine,  yields  a  body,  glycerose,  having  all  the  characters 
of  a  sugar. 

H  H    H  HH  0 

HC-C-CH  +  0=  HC-C-C\^  +  H20 
0    0    0  0  0 

H  H    H  H  H 

This,  however,  is  not  stable,  but  spontaneously  condenses 
into  a  glucose  C6H1206.  , 

Erythrose,  CtH804,  is  an  example  of  a  sugar  with  tour, ,  and 
drabinose,  C5H,005,  of  one  with  five  atoms  of  carbon.  Most 
of  the  natural  sugars  are  glucoses  (O6H15O0)  or  compounds  ot 
two  or  three  molecules  of  glucoses  minus  water  (bioses  or 

Sugars  with  seven,  eight  and  nine  atoms  of  carbon  have 
been  constructed  by  treating  glucoses  with  hydrocyanic  acid, 
which  combines  with  the  aldehyde  or  ketone  group  to  form  the 
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nitrile  of  an  acid  containing  one  more  carbon  atom.  This  on 
hydrolysis  gives  the  acid,  the  lactone  of  which  may  be  reduced 
to  the  corresponding  sugar  by  the  action  of  nascent  hydrogen. 
This  process  is  then  repeated  to  get  an  eight-carbon  sugar, 
and  so  on.  One  of  these  seven-carbon  sugars  was  found  to 
be  identical  with  a  natural  sugar,  perseite,  but  most  of  them 
have  not  yet  been  found  occurring  naturally. 

Glucoses,  C6H1206. 

_  Glucoses,  C6H1206.  There  are  two  chief  types  of  these 
six-carbon  sugars  differing  from  each  other  in  the  position  of 
the  alcohol  grouping  that  has  undergone  oxidation,  and 
classed  accordingly  as  aldehyde  and  ketone  sugars — aldose  and 
ketose.  Dextrose  is  an  example  of  the  first,  and  Icevulose  or 
fructose  of  the  second  class.  Each  of  these  classes  contains 
a  very  large  number  of  physical  isomers,  differing  from  each 
other  in  their  action  on  polarized  light  and  in  some  other 
respects  ;  these  may  be  most  readily  distinguished  from  one 
another  by  means  of  the  physical  characters  of  the  compounds 
they  form  with  phenyl-hydrazine  (see  Index).  The  large 
number  of  these  isomers  is  accounted  for,  on  the  stereo- 
chemical theory,  by  the  circumstance  of  there  being  no  less 
than  four  asymmetrical  carbon  atoms  in  each  molecule.  Thus 
there  are  three  dextroses,  dextro-rotatory,  lsevo-rotatory,  and 
inactive ;  three  analogous  mannoses :  three  fructoses  or 
laevuloses,  etc.  Ordinary  Itevulose,  or  better  fructose,  is  not 
therefore  the  mere  optical  isomer  of  dextrose,  each  of  them 
having  clextro-,  lsevo-,  and  inactive  forms. 

All  the  glucoses  above  mentioned  have  been  obtained 
artificially,  the  starting-point  being  an  artificial  glucose 
(or  acrose,  CBH12Or)  obtained  by  the  condensation  of  formic 
aldehyde,  CH20  (6CH20  =  06H12Ofi) ;  it  is  probably  in  a  similar 
way  that  natural  sugars  are  produced  by  plants. 

Dextrose,  or  Grape-sugar,  or  Glucose  (from  yXwii?,  glucus, 
sweet)  is  often  seen  in  the  crystallized  state  in  dried  grapes 
or  raisins  and  other  fruits ;  it  is  also  the  variety  of  sugar 
met  with  in  diabetic  urine.  Its  crystalline  character  is  quite 
distinct  from  that  of  cane-sugar,  the  latter  forming  large 
four-  or  six-sided  rhomboidal  prisms,  while  grape-sugar 
occurs  in  masses  of  small  cubes  or  square  plates.  Grape- 
sugar  is  also  less  soluble  in  water,  but  more  soluble  in  alco- 
hol than  cane-sugar. 
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According  to  Presenilis,  the  percentage  proportion  of  sac- 
charine matter  in  the  dried  fig  is  60  to  70,  grape  10  to  20, 
cherry  11,  mulberry  9,  currant  6,  whortleberry  6,  strawberry 

6'  lactase7  or  Icevulose  is  laevogyrate,  while  sucrose  and 
glucose  possess  right-handed  rotation ;  the  latter  twist  a  ray 
of  polarized  light  from  left  to  right,  to  an  extent  dependent 
on  the  amount  of  sugar  present-a  fact  easy  of  application 
in  estimating  the  amount  of  sugar  in  syrups  or  m  diabetic 

^Fructose  or  Icevulose  is  the  uncrystallizable,  or  very 
difficultly  crystallizable,  constituent  of  inverted  cane-sugar. 
It  is  found  in  the  grape,  fig  (Ficus,  B.P.)  cherry,  gooseberry, 
strawberry,  peach,  plum  and  other  fruits,  often  with  dextrose 
or  with  cane-sugar.  _  Fruit-sugar  reduces  cupnc  salts  and 
ammonio-nitrate  of  silver. 

Artificial  formation  of  Grape-sugar  from  Cane-sugar. 
Tests  for  sugar.— Dissolve  a  grain  or  two  of  common  cane- 
sugar  in  water.  To  a  portion  of  this  solution  placed  in  a  test- 
tube  add  more  water,  two  or  three  drops  of  solution  of  sul- 
phate of  copper,  a  considerable  quantity  of  solution  of  potash 
or  soda  (enough  to  turn  the  colour  of  the  liquid  from  a  light  to 
a  dark  blue),  and  heat  the  mixture  to  the  boiling-point ;  no 
obvious  immediate  change  occurs.  To  another  portion  of  the 
syrup  add  a  drop  of  sulphuric  acid,  and  boil  for  ten  or  twenty 
minutes,  then  add  the  copper  solution  and  alkali,  and  heat  as 
before ;  a  yellowish-red  precipitate  of  cuprous  oxide  (Cu20) 
falls.    This  test  is  exceedingly  delicate. 

The  above  reaction  is  due  to  the  conversion  of  the  cane- 
sugar  (Gl2EnOn)  into  inverted  sugar— or  Icevulose,  C6H120B 
(so  called  because  its  solution  causes  left-handed  rotation  of  a 
ray  of  polarized  light,  cane-sugar  having  an  opposite  effect) 
and  grape-sugar,  C6H12Ofi,  H20-  by  the  influence  of  the  sul- 
phuric acid,  and  to  the  reducing  action  of  the  lsevulose  and 
grape-sugar  on  the  cupric  solution.  The  formation  of  a 
precipitate  immediately,  without  the  action  of  acid,  shows  the 
presence  of  the  latter  sugars— its  formation  only  after  ebulli- 
tion with  acid  indicating,  in  the  absence  of  starch  or  dextrin, 
cane-sugar.    In  this  reduction-process  the  sugar  is  oxidized 
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and  broken  up  into  several  substances  ;  but  the  exact  nature 
of  the  reaction  has  not  been  ascertained. 

Dextrin  also  reduces  the  copper  salt  to  suboxide,  unless  its 
solution  is  cold  and  very  dilute.  It  does  not,  however,  so 
act  on  a  solution  of  cupric  acetate  acidified  with  acetic  acid, 
while  glucose  produces  with  this  liquid  the  usual  red  cuprous 
precipitate  (Barfoed). 

Sugar  from  Starch. — Boil  starch  with  a  little  water  and  a 
drop  of  sulphuric  acid  as  for  dextrin,  but  continue  the  ebulli- 
tion for  several  minutes ;  on  testing  a  portion  of  the  cooled 
liquid  with  iodine,  and  another  portion  with  the  heated  alka- 
line solution  of  a  copper  salt,  as  described  on  page  557,  it 
will  be  found  that  the  starch  has  nearly  all  become  converted 
into  a  sugar — dextrose.  Maltose  is  also  formed,  at  first,  but 
by  the  continued  action  of  the  acid  is  changed  to  dextrose. 
When  made  on  a  large  scale,  a  warm  (131°  F.)  mixture  of 
starch  and  water  of  the  consistence  of  cream  is  slowly  poured 
into  a  boiling  solution  of  one  part  of  sulphuric  acid  in  one 
hundred  of  water,  the  whole  boiled  for  some  time,  the  acid 
neutralized  by  chalk,  the  mixture  filtered,  the  liquid  evapor- 
ated to  a  thick  syrup  and  set  aside ;  in  a  few  days  it  c^stal- 
lizes  to  a  granular  mass  resembling  honey.  In  this  operation 
a  small  quantity  of  dextrin  remains  with  the  glucose ;  but  if 
the  process  be  conducted  under  pressure,  conversion,  accord- 
ing to  Manbre,  is  complete.  Sugar  made  from  the  starch  of 
rice,  maize,  etc.,  is  largely  used  for  table  syrups,  confection- 
aries,  bee  food,  and  as  a  partial  substitute  for  malt  in  brew- 
ing.   It  is  known  as  patent  sugar,  saccharine,  maltose,  etc. 

In  the  United  States  the  dealers  term  the  syrups  "  glu- 
cose," and  the  further  evaporated  solid  product  "grape- 
sugar."  The  former  contain  one- third  or  more  of  dextrose, 
about  one-fifth  of  maltose,  one-fourth  or  more  of  dextrin,  and 
about  one-sixth  or  one-fifth  of  water ;  the  latter  often  contain 
about  three-fourths  of  dextrose,  from  none  up  to  one-third  of 
maltose,  and  one-seventh  or  one-sixth  of  water. 

Galactose  (from  milk-sugar),  Sorbinose  (from  mountain-ash 
berries),  Inosite  (from  muscles),  Mannose  (from  mannite), 
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Gulose,  Formate,  p-acrose,  Rhamnose,  Dambose  (from  a 
caoutchouc),  and  Scyllite  (from  many  fish),  are  other  glu- 
coses. 

Saccharoses,  or  Bioses,  C12H220n. 
Cane-sugar,  or  Sucrose  {Saccharum  Purificatum,  B.P.),  is 
a  frequent  constituent  of  vegetable  juices.    Thus  it  forms  the 
chief  portion  of  cassia-pulp  (Cassice-Pulpa,  B.P.),  is  con- 
tained in  the  carrot  and  turnip,  but  is  most  plentiful  m  the 
sugar-cane ;  much,  however,  is  now  obtained  from  the  sugar- 
maple  and  beetroot.    On  evaporation  of  the  juice,  common 
broivn  or  moist  sugar  crystallizes  out ;  this  by  re-solution, 
filtration  through  animal  charcoal,  evaporation  to  a  strong 
syrup,  and  crystallization  in  moulds,  yields  the  compact 
crystalline  conical  loaves  known  in  trade  as  lump-sugar. 
From  a  slightly  less  strong  syrup,  slowly  cooled,  the  crys- 
tals termed  sugar-candy  are  deposited,  white  or  coloured, 
according  to  the  colour  of  the  syrup.    The  official  syrup 
(Syrupus,  B.P.)  is  an  aqueous  solution,  consisting  of  two- 
thirds  sugar  and  one-third  water. 

The  sugar  in  fresh  fruits  is  mainly  cane-sugar  ;  but  by  the 
action  of  the  acid,  or  possibly  of  a  ferment  in  the  juice,  it  is 
gradually  converted  into  inverted  stogar,  a  variety  differing 
from  cane-sugar  in  being  uncrystallizable,  and  in  having  an 
inverted  or  opposite  influence  on  polarized  light,  twisting 
the  ray  from  right  to  left  (lsevogyrate,  having  lgevo- rotation). 
Ripe  Hips  (Rosai  Canince  Fructus,  B.P.)  contain  30  per  cent, 
of  such  sugar,  besides  gum  and  acid  malates  and  citrates. 
Fruit-sugar,  as  gathered  in  the  form  of  syrup  by  bees,  is 
probably  a  mixture  of  these  two  varieties.    It  is  gradually 
altered  to  a  crystalline  or  granular  mass  of  grape-sugar,  as 
seen  in  dried  fruits,  such  as  Raisins  (Uvai,  B.P.)  and  the 
Prune  (Prunum,  B.P.),  and  in  solidified  Honey  (Mel,  B.P.). 
This,  the  common  form  of  grape-sugar,  is  dextrogyrate,  and 
hence  is  sometimes  termed  dextrose,  to  distinguish  it  from 
lsevulose.    Diluted  with  twice  its  weight  of  water,  it  yields 
a  liquid  having  the  sp.  gr.  1-101  to  1-150.    Honey  often  con- 
tains pollen,  hairs,  spores,  the  dust  and  dirt  from  the  flowers, 
and  various  flocculent  matters  which  cause  it  tf>  ferment 
and  yield  mannite,  alcohol,  and  acetic  acid ;  hence  for  use 
in  medicine  it  is  directed  (Mel  Depuratum,  B.P.)  to  be  clari- 
fied by  melting  and  straining  while  hot  through  flannel  pre- 
viously moistened  with  warm  water.    A  mixture  of  clarified 
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honey  80  per  cent.,  acetic  acid  10  per  cent.,  and  water  10  per 
cent.,  is  official  under  the  name  of  Oxymel  (from  6£i)s,  oxus, 
acid,  and  /xeAi,  meli,  honey).  A  similar  mixture  of  honey 
with  acetic  acid  containing  the  soluble  portions  of  squill- 
bulbs  (Scilla,  B.P.)  is  known  as  Oxymel  of  Squill  (Oxymel 
Scillce,  B.P.).  Honey  or  cane-sugar  are  the  bases  of  the 
official  Confections. 

Maltose,  G12H^^On. — This  crystallizable  sugar  is  formed, 
together  with  dextrin,  when  diastase  or  dilute  acids  act 
upon  starch.  In  the  case  of  diastase  it  is  the  ultimate  pro- 
duct, but  the  dilute  acids  may  convert  it  into  dextrose.  It 
differs  also  from  dextrose  in  its  optical  activity. 

Both  cane-sugar,  maltose,  and  grape  sugar  yield  alcohol 
and  carbonic  acid  gas  by  fermentation,  the  cane-sugar  nearly 
always  passing  into  grape-sugar  before  the  production  of 
alcohol  commences. 

C6H1206        =        2C2H6HO        +  2C02 
Grape-sugar.  Alcohol.  Carbonic  acid  gas. 

In  bread-making,  some  of  the  starch  is  converted  into 
dextrin,  and  this  into  sugar  by  the  ferment.  The  above 
action  then  goes  on,  the  liberation  of  gas  producing  the 
rising  or  swelling  of  the  mixture  of  flour,  water,  and  yeast 
(dough) — the  temperature  to  which  the  mass  is  subjected  in 
the  oven  causing  escape  of  most  of  the  alcohol,  and  further 
expansion  of  the  bubbles  of  carbonic  acid  gas  in  every  part 
of  the  now  spongy  loaf.  The  carbonic  acid  gas  gradually 
evolved  when  flour  is  worked  up  for  bread  with  a  mixture 
of  dry  bicarbonate  of  sodium  and  tartaric  acid  (best  pre- 
served by  previous  admixture  with  dried  flour  and  a  little 
carbonate  of  magnesium)— baJcing-powder— exerts  similar 
influence.  The  least  objectionable  method  of  introducing 
carbonic  acid  gas,  however,  is  that  of  Dauglish,  whose  patent 
aerated  bread  is  made  from  flour  by  admixture  with  car- 
bonic acid  water  under  pressure  by  the  aid  of  machinery. 
On  removal  from  the  cylinder,  the  resulting  dough  expands 
by  the  natural  elasticity  of  the  imprisoned  carbonic  acid  gas, 
and  the  bake-oven  completes  the  process.  The  crumb  of 
bread  is  official  (Mica  Panis,  P.B.).  All  fermented  bread 
retains,  obviously,  a  little  alcohol,  sometimes  0'25  per 
cent. 


Action  of  Alkali  on  Sugar 


—To  a  little  solution  of  grape- 
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sugar  add  solution  of  potash  or  soda,  or  solution  of  carbonate 
of  potassium,  and  warm  the  mixture  ;  the  liquid  is  darkened 
in  colour  from  amber  to  brown,  according  to  the  amount  of 
sugar  present.  A  trace  of  picric  acid  greatly  intensifies  the 
colour. 

Tests  .—The  copper-reaction,  the  fermentation  process,  and 
the  effect  of  alkalies  form  three  good  tests  of  the  presence 
of  grape-sugar,  and,  indirectly,  of  cane-sugar.  A  piece  of 
merino  or  other  woollen  material,  previously  dipped  in  a 
solution  of  stannic  chloride  and  dried,  becomes  of  a  brown 
or  black  colour  when  dipped  in  a  solution  of  glucose  and 
heated  to  about  300°  I\  by  holding  before  a  fire. 

Melitose  or  Melitriose  (from  eucalyptus)  is  a  triose,  giving 
on  hydrolysis  galactose,  dextrose,  and  fructose.  Meletizose 
(from  the  larch),  Trehalose  (from  Turkish  manna),  and 
Maltose  (from  starch),  belong  to  the  Saccharoses. 

"  Honey-dew  "  is  a  viscid  saccharine  matter  occasionally 
met  with  on  the  leaves  of  the  lime,  maple,  black  alder,  rose, 
and  other  trees,  being  a  sweet  principle  exuded  from  aphides. 
Sometimes  it  is  sufficiently  abundant  to  dry  and  fall  on  the 
ground,  forming  a  veritable  "  shower  of  manna."  It  is  a 
mixture  of  cane-sugar,  inverted  sugar,  and  dextrin. 

Barley-sicgar  is  made  by  simply  heating  cane-sugar  till  it 
fuses,  a  change  from  the  crystalline  to  the  uncry stall  izable 
condition  occurring.  Treacle  (Theriaca,  B.P.),  Molasses  or 
Melasses  (from  Mel,  honey),  or  Golden  Syrup,  chiefly  results 
from  the  application  of  too  much  heat  in  evaporating  the 
syrups  of  the  sugar-cane ;  it  is  a  mixture  of  cane-sugar  with 
uncrystallizable  sugar  and  more  or  less  colouring  matter. 
Liquorice-root  (Glycyrrhizce  Radix,  B.P.)  contains  a  con- 
siderable quantity  of  uncrystallizable  sugar. 

Caramel—  Heat  a  grain  or  two  of  sugar  in  a  test-tube 
until  it  blackens  and  froths  ;  the  product  is  caramel,  or 
burnt  sugar  (the  Saccharum  Ustum  of  pharmacy).  It  is 
used  as  a  colouring  agent  for  gravies,  confectionaries,  spirits, 
vinegar,  and  similar  materials.    It  is  a  mixture  of  caramels. 

Milk-sugar,  or  Lactose  (C^H^O^O)  (Saccharum  Lactis, 
B.P.),  the  sweet  principle  of  milk  of  animals,  is  not  suscep- 
tible of  alcoholic  or  vinous  fermentation  by  ordinary  yeast ; 
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certain  varieties  of  the  fungus,  however,  convert  it  into 
alcohol.  It  resembles  grape-sugar  in  reducing  an  alkaline 
solution  of  copper  with  precipitation  of  suboxide,  It  is  ob- 
tained from  milk  by  adding  a  few  drops  of  acid,  stirring, 
setting  aside  for  the  curds  to  separate,  filtering,  evaporating 
the  whey  to  a  small  bulk,  filtering  again  if  necessary,  and 
allowing  to  cool  and  crystallize.  The  deposited  crude 
"  sugar-sand  "  is  afterwards  refined  and  recrystallized.  It 
usually  occurs  in  trade  "  in  cylindrical  masses,  two  inches  in 
diameter,  with  a  cord  or  stick  in  the  axis,  or  in  fragments 
of  cakes— greyish-white,  crystalline  on  the  surface  and  in  its 
texture,  translucent,  hard,  scentless,  faintly  sweet,  gritty 
when  chewed."  Thus  obtained,  milk-sugar  has  the  formula 
above  given,  but  if  deposited  during  evaporation  the  crystals 
are  anhydrous,  G12R^On.  It  is  soluble  in  6  parts  of  cold 
and  3  of  boiling  water  ;  slightly  soluble  in  alcohol,  insoluble 
in  ether.  Powdered  milk-sugar  is  used  in  pharmacy  as  a 
vehicle  for  potent  solid  medicines.  Milk-sugar  is  convertible, 
by  the  action  of  dilute  acids,  into  galactose  and  dextrose ; 
these  may  be  reunited  to  form  milk-sugar. 

Saccharic  Ac^,;H2C6H808,  or  C4H4(OH)4(COOH)2,  is  the  re- 
sult of  oxidizing  sucrose,  dextrose,  starch,  gum,  and  lignm  by 
nitric  acid.  Mucic  acid,  isomeric  with  saccharic  acid,  may  be 
obtained  in  the  same  way  by  acting  on  lactose,  gum,  and  dul- 

cite.  

QUESTIONS  AND  EXEECISES. 

Into  what  three  classes  may  the  carbohydrates  be  divided  ?-How  is 
grape-sugar  obtained  from  cane-sugar  ?— How  are  cane-sugar  and  grape- 
sugar  analytically  distinguished  ?-How  is  dextrose  obtained  from  starch ! 
—Mention  the  chief  sources  of  cane-sugar.-Give  chemical  explanations 
of  the  processes  of  bread-making. -What  is  the  difference  between  fruit- 
sugar  and  honey  ?-What  is  oxymel  ?-Describe  the  effect  of  heat  on 
cane-sugar.-How  is  milk-sugar  obtained  ?  How  does  it  differ  from  other 
sugars  ?— Whence  are  mucic  and  saccharic  acids  obtained  I 

Amyloses,  or  Amyloids,  ??C6H10O6. 
Starch  («CcH10O5)  is  contained  in  large  or  small  quantities 
in  nearly  every  plant.     It  forms  about  60-70  per  cent,  of 
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wheat,  and  from  20  to  30  per  cent,  of  potatoes.  The  starch 
officially  recognised  in  the  British  Pharmacopoeia  {Amylum) 
may  be  that  of  wheat  (Triticum  sativum) ;  maize  (Zea  Mays), 
and  rice  (Oryza  sativa). 

Processes.— Hasp  or  grate,  or  scrape  with  a  knife,  a  portion 
of  a  clean  raw  potato,  letting  the  pulp  fall  on  to  a  piece  of 
muslin  placed  over  a  small  dish  or  test-glass,  and  then  pour 
a  slow  stream  of  water  over  the  pulp  ;  minute  particules  or 
gvanules  of  starch  pass  through  the  muslin  and  sink  to  the 
bottom  of  the  vessel,  fibrous  matter  remaining  on  the  sieve. 
This  is  potato-starch.  Even  diseased  potatoes  furnish  good 
starch  by  this  method.  Wheat-starch  may  be  obtained  by 
tying  up  some  flour  in  a  piece  of  calico,  and  kneading  the  bag 
in  a  slow  stream  of  water  flowing  from  a  tap,  the  washings 
running  into  a  deep  vessel,  at  the  bottom  of  which  the  white 
starch  collects ;  the  sticky  matter  remaining  in  the  bag  is 
gluten. 

The  blue  starch  of  the  shops  is  artificially  coloured  with 
smalt  or  indigo,  to  neutralize  the  yellow  tint  of  recently 
washed  linen  ;  it  should  not  be  used  for  medicinal  purposes. 
Starch  dried  in  mass  splits  up  into  curious  columnar  masses, 
resembling  the  basaltic  pillars  of  Fingal's  Cave  in  Staffa,  or 
those  of  the  Giant's  Causeway  in  the  North  of  Ireland.  The 
cause  of  the  phenomenon,  which  may  also  be  seen  in  grain 
tin,  is  not  conclusively  known. 

Gluten  is  the  body  which  gives  tenacity  to  dough  and 
bread.  It  seems  to  be  a  mixture  of  vegetable  fibrin,  vege- 
table casein,  and  an  albuminous  matter  termed  glutin.  These 
substances  and"  gluten  itself  are  closely  allied  ;  each  contains 
about  16  per  cent,  of  nitrogen.  Wheaten  Flour  (Farina 
Tritici,  B.P.)  contains  about  72  per  cent,  of  starch  and  11  of 
gluten,  as  well  as  sugar,  gum,  fine  bran,  water,  and  ash. 
The  compactness  of  barley,  well  seen  in  Husked  or  Pearl 
Barley  (Hordeum  Decorticatum,  B.P.),  is  said  to  be  due  to 
the  large  amount  of  vegetable  fibrin  present.  During  ger- 
mination the  fibrin  is  destroyed  ;  hence,  probably,  the  cre- 
taceous character  of  malt.  Oatmeal,  popular  as  "  porridge," 
is  rich  in  albumenoids,  or  flesh-forming  constituents,  con- 
taining nearly  1G  per  cent.    Sago  is  granulated  starch  from 
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the  Sago  Palm  ;  tapioca  from  the  Bitter  Cassava  :  each  has 
less  than  1  per  cent,  of  albumenoids.  The  white  translucent 
Rice  grains  are  the  husked  seeds  of  Oryza  sativa.  Rice 
(Oryza)  and  its  Flour  or  Ground  Rice  (Oryza;  Farina),  are 
official  in  the  Pharmacopoeia  of  India.  Rice  is  a  staple 
article  of  food  in  tropical  countries.  Ground  rice  resembles 
flour  of  wheat  in  composition,  but  contains  from  85  to  90  per 
cent,  of  starch. 

Mucilage  of  Starch. — Mix  two  or  three  grains  of  starch 
with  first  a  little  and  then  more  water,  and  heat  to  the 
boiling  point :  mucilage  of  starch  (Mucilago  Amyli,  B.P.) 
results. 

This  mucilage  or  paste  is  not  a  true  solution;  by  long 
boiling,  however,  a  portion  of  the  starch  becomes  dissolved. 
In  the  latter  case  the  starch  probably  becomes  somewhat 
altered. 

Chemical  Test. — To  some  of  the  mucilage  add  a  very  little 
free  iodine ;  a  deep-blue  colour  is  produced. 

This  reaction  is  a  very  delicate  test  of  the  presence  of 
either  iodine  or  starch.  The  starch  must  be  in  the  state  of 
mucilage  ;  hence  in  testing  for  starch  the  substance  supposed 
to  contain  it  must  be  first  boiled  with  water.  The  solutions 
used  in  the  reaction  should  also  be  cold,  or  nearly  so,  as  the 
blue  colour  disappears  on  heating,  though  it  is  partially 
restored  on  cooling.  The  iodine  reagent  may  be  iodine- water 
or  tincture  of  iodine.  In  testing  for  iodine,  its  occurrence  in 
the  free  state  must  be  ensured  by  the  addition  of  a  drop,  or 
even  less,  of  chlorine-water.  Excess  of  chlorine  must  be 
avoided,  or  chloride  of  iodine  will  be  formed,  which  does  not 
colour  starch. 

The  so-called  iodide  of  starch  scarcely  merits  the  name  of 
a  chemical  compound,  the  state  of  union  of  its  constituents 
being  so  feeble  as  to  be  decomposed  at  100°  P.  Substances 
that  attack  free  iodine  remove  that  element  from  iodide  oi 
starch.  The  alkalies,  hydrosulphuric  acid,  sulphurous  acid, 
and  other  reducing  agents  destroy  the  blue  colour.  With 
nitric  acid  starch  yields  an  explosive  compound  (Xylo'idin) 
C18H18(NO8)4O10  or  C12H16O0(NO8)4. 

Composition  of  Starch  Granules. — Starch  granules  consist 
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mainly  of  granulosa,  soluble  in  cold  water  and  giving  an 
indigo  colour  with  iodine,  and  starch  cellulose,  insoluble  in 
water  and  giving  with  iodine  a  dirty  yellow  colour,  with, 
possibly,  other  carbohydrates.  The  starch  cellulose  forms 
an  external  coating  upon  the  granule,  and  also  exists  mixed 
with  the  granulosa  inside  the  granule.  If  this  coating  be 
broken  by  mechanical  means,  the  continued  application  of  cold 
water  will  remove  all  the  granulose,  leaving  the  cellulose 
insoluble.  By  the  action  of  diastase,  ptyalin,  and  other  fer- 
ments, and  by  other  means,  the  granulose  may  be  converted 
into  sugar  and  dextrin,  leaving  the  starch  cellulose  unacted 
upon. 

Microscopical  Examination  of  Starches. 

All  kinds  of  starch  afford  the  blue  colour  with  iodine, 
showing  their  chemical  similarity.  Physically,  however,  the 
granules  of  different  starches  differ  from  each  other ;  hence  a 
careful  microscopical  examination  of  any  starch,  or  of  any 
powder  or  vegetable  tissue  containing  starch,  enables  the 
observer  to  state,  with  a  high  degree  of  probability,  the 
source  of  the  starch,  either  at  once  if  he  has  much  expe- 
rience, or  after  comparing  the  granules .  in  question  with 
authentic  specimens.  A  glance  at  the  accompanying  eight 
engravings*  (figs.  42  to  49)  of  common  starches  will  show_  to 
what  extent  different  starch  granules  naturally  differ  in  size, 
shape,  general  appearance,  distinctness  and  character  of  the 
rugse,  and  position  of  the  more  or  less  central  point  or  hilum. 
While  from  different  starches  individual  granules  may  be 
picked  out  which  much  resemble  each  other,  the  appearance 
of  each  starch  as  a  whole  is  fairly  characteristic;  that  is  to 
say,  each  group  of  granules  differs  in  one  or  more  characters 
from  similar  groups  of  granules  of  other  starches. 

A  quarter-inch  object-glass  will  commonly  suffice  for  the 
microscopical  observation  of  starch.  A  very  little  of  the 
starch  is  mixed  on  a  glass  slide  with  a  drop  of  water,  a  piece 
of  thin  covering-glass  placed  on  the  drop  and  gently  pressed, 
so  as  to  provide  a  very  thin  layer  for  observation.  Instead 
of  water,  diluted  spirit  of  wine,  diluted  glycerine,  turpentine 
or  other  essential  oil,  Canada  balsam,  and  other  fluids  may 

*  By  permission  of  Messrs.  Longmans  &  Co.,  these  engravings  have 
been  copied,  with  very  few  modifications,  from  the  plates  in  two  of  the 
three  volumes  of  the  original  edition  of  Pereira's  "  Materia  Mcdica." 
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be  used  in  cases  where  the  markings  or  other  appearances 
are  not  well  defined.  The  illumination  also  of  the  granules 
may  be  varied,  the  light  being  reflected  or  transmitted,  con- 
centrated or  diffused,  white  or  coloured,  polarized  or  plain. 
Polarized  light  is  especially  valuable  in  developing  differ- 
ences, and  in  intensifying  the  effects  of  obscure  markings. 
By  polarized  light  the  granules  of  potato  starch  appear  as  if 
traversed  by  a  black  cross  ;  wheat  starch  granules  and  many 
others  also  peculiarly  and  characteristically  influence  polar- 
ized light.  Distinctive  characters  will  sometimes  present 
themselves  only  when  the  granules  are  made  to  roll  over  in 
the  fluid  in  which  they  have  been  temporarily  mounted,  or 
when  the  slide  is  gently  warmed.  Starches  which  have 
already  been  subjected  to  the  influence  of  heat,  partly,  as  in 
sago  or  tapioca,  or  almost  entirely,  as  in  bread,  will  of  course 
differ  in  appearance  from  granules  of  the  same  starch  before 
being  dried,  cooked,  or  torrefied.  The  characters  of  a  starch 
will  also  somewhat  vary  according  to  the  age  and  condition 
of  the  plant  yielding  it. 

The  description  of  the  microscopical  characters  of  the 
official  varieties  of  starch  is  as  follows :— 1.  Wheat  starch  :  A 
mixture  of  large  and  small  granules,  which  are  lenticular  in 
form,  and  marked  with  faint  concentric  striae  surrounding  a 
nearly  central  hilum.  2.  Maize  starch  :  Granules  more  uni- 
form in  size,  frequently  polygonal,  somewhat  smaller  than  the 
large  granules  of  wheat  starch,  and  haying  a  very  distinct 
hilum  but  without  evident  concentric  striae.  3.  Rice  starch : 
Granules  extremely  minute,  nearly  uniform  in  size,  poly- 
gonal, hilum  small  and  without  striae. 

(For  plates  and  descriptions  of  the  characters  of  other 
starches  occurring  in  plants  used  for  medicinal  purposes,  the 
reader  is  referred  to  works  on  Materia  Medica,  and  to  the 
indexes  of  Journals  of  Pharmacy,  as  well  as  to  general  works 
and  magazines  on  microscopy.  For  engravings  of  ^starch 
granules  in  situ,  vide  Berg's  "  Anatomischer  Atlas,  '  pub- 
lished by  Gaertner,  Berlin.) 

The  student  may  place  fair  confidence  in  the  accompanying 
lithographs,  and  in  most  of  the  published  engravings  of 
starch-granules  ;  but  in  microscopical  analyses  of  importance 
the  worker  should,  if  possible,  himself  obtain  actual  speci- 
mens of  starches  for  comparison  from  the  respective  seeds, 
fruits,  and  other  tissues.  . 

Inulin  (C6Hl0O5)6H2O  (Kiliani)  is  associated  with  sum- 
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lar  bodies  pseudo-inulin  (C6H10O5)16H2O,  and  inulenm 
(C6H100-)io2H-->0  (Tanret).  It  is  a  white  powder  apparently 
occupying  the"  place  of  starch  in  the  roots  of  many  plants, 
especially  those  of  the  natural  order  Composites.  Twenty 
to  forty-five  per  cent,  has  been  obtained  from  elecampane 
(Inula  helenium).  It  is  also  contained  in  the  dahlia,  colchi- 
cum,  arnica,  dandelion,  chicory,  artichoke,  etc.  It  is  soluble 
in  boiling  water,  nearly  all  being  redeposited  on  cooling. 
Iodine  turns  it  yellow.  Long  ebullition  converts  it  into  a 
kind  of  gum.  Like  starch,  inulin  is  convertible  into  sugar, 
but  by  its  own  special  ferment,  the  existence  of  which,  m 
the  Jerusalem  Artichoke,  has  been  demonstrated  by  Professor 
J.  R.  Green.  This  ferment  differs  from  diastase  in  being 
without  the  power  of  converting  starch  into  sugar. 

Lichenin  (nC6Hin05)  is  a  white  starch-like  powder  largely 
contained  in  many  lichens— Iceland  "  Moss,"  Cetraria  Islan- 
dica,  and  many  others.  It  is  soluble  in  boiling  water,  and 
the  fluid  gelatinizes  on  cooling.  It  may  be  precipitated  from 
its  aqueous  solution  by  alcohol.  With  iodine  it  gives  a 
reddish-blue  colour. 

Glycogen,  or  animal  starch,  is  the  name  given  to  the  solid 
matter  stored  in  the  liver  and  resulting  from  the  dehydration 
of  the  digested  hydrated  food  which  has  been  carried  to  the 
liver  by  the  portal  vein. 

Dextrin,  (nC6H10O5).— Mix  a  grain  or  two  of  starch  with 
half  a  test-tubeful  of  cold  water  and  a  drop  or  two  of  sulphuric 
acid,  and  boil  the  mixture  for  a  few  minutes ;  no  mucilage  is 
formed,  and  the  liquid,  if  sufficiently  boiled,  yields  no  blue 
colour  with  iodine;  the  starch  has  become  converted  into 
dextrin  and  some  sugar.  Dextrin  is  also  produced  if  starch 
is  maintained  at  a  temperature  of  about  320°  F.  for  a  short 
time.  Dextrin  is  now  largely  manufactured  in  the  latter 
way,  and  a  paste  of  it  is  used  by  calico  printers  as  a  vehicle 
for  colours  ;  it  is  termed  British  gum.  The  change  may  also 
be  effected  by  diastase,  a  peculiar  ferment  existing  in  malt. 
Mix  two  equal  quantities  of  starch  with  equal  amounts  of 
water,  adding  to  one  a  little  ground  malt,  then  heat  both 
slowly  to  the  boiling-point :  the  mixture  without  malt 
thickens  to  a  paste  or  pudding ;  that  with  malt  remains  thin, 
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its  starch  having  become  converted  into  dextrin  and  a  sugar 
termed  maltose. 

Diastase  is  probably  a  mixture,  but  possibly  an  oxidation 
product,  of  the  coagulable  albumenoids.  It  is  so  named  from 
Siao-rao-is  (diastasis),  separation,  in  allusion  to  the  separation, 
or  rather  alteration,  it  effects  among  the  constituent  atoms 
of  the  molecule  of  starch.  This  function  is  shared  by  the 
saliva,  pancreatic  juice,  bile,  and  the  intestinal  and  other 
juices.  The  function  is  completely  destroyed  when  the 
albumenoids  are  coagulated  by  a  temperature  of  from  176° 
to  178°  F. 

The  action  of  diastase  upon  starch. — Diastase  has  scarcely 
any  action  upon  unbroken  starch  granules.  The  granules 
must  be  ruptured  by  gelatinization  with  heat  and  moisture, 
or  in  some  other  way.  When  a  solution  containing  diastase, 
such  as  a  cold  water  infusion  of  malt,  is  allowed  to  act  upon 
gelatinous  starch  or  starch-paste  at  140°  to  160°  F.,  liquefac- 
tion occurs.  It  is  possible  to  operate  so  that  when  lique- 
faction has  taken  place,  the  solution  shall  give  no  reaction 
for  sugar  or  dextrin.  If  this  solution  be  concentrated  and 
allowed  to  cool,  a  glistening  white  precipitate  of  soluble 
starch  falls.  Soluble  starch  is  probably  the  result  of  the 
partial  decomposition  of  the  more  complex  molecule  of  granu- 
lose  or  gelatinous  starch.  The  next  step  in  the  action  of 
diastase  upon  gelatinous  starch  is  the  breaking  down  of  the 
soluble  starch  molecule  into  dextrin  and  a  sugar  called  malt- 
ose. At  least  ten  dextrins  are  successively  produced,  each 
simpler  than  the  one  preceding  it,  the  proportion  of  maltose 
being  correspondingly  increased.  The  dextrins  first  produced 
give  a  red  or  brown  colour  with  iodine,  while  those  last  pro- 
duced, and  having  a  simpler  molecule,  give  no  colour  with 
iodine.    The  final  reaction  may  be  expressed  thus  :— 

10(C12H20O10)  +  8H20  =  8(C12H22On)  +  4(C„H10O5) 
Soluble  starch.  Maltose.  Dextrin. 

The  dextrins  are  distinguished  by  their  rotatory  power,  their 
reducing  action  on  cupric  salts,  and  in  other  ways. 

Starch  heated  with  glycerine  is  converted  into  the  soluble 
variety.  The  latter  may  be  precipitated  from  an  aqueous 
solution  by  strong  alcohol.  A  strong  solution  in  water 
gradually  gelatinizes,  owing  to  reconversion  into  insoluble 
starch.  (Zulkowsky.) 
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The  action  of  dilute  acids  upon  starch.— Dilute  acids  act 
upon  gelatinous  starch  in  the  same  way  as  diastase,  except 
that  the  final  product  is  glucose.  w  ,  , 

Malt  (the  word  malt  is  said  to  be  derived  from  the  Welsh 
mall,  soft  or  "  rotten  ")  is  simply  barley  which  has  been  soft- 
ened by  steeping  in  water,  allowed  to  germinate  slightly, 
and  further  change  then  arrested  by  the  application  oi  heat 
in  a  kiln.    During  germination  the  gluten  breaks  up  and 
yields  a  glutinous  substance  termed  vegetable  gelatine,  dia- 
stase, and  other  matters.    To  the  vegetable  gelatine  is  due 
much  of  the  «  body  "  of  well  malted  and  slightly  hopped 
beer  ;  it  is  precipitated  by  tannic  acid ;  hence  the  thinness 
of  ale  (pale  or  bitter)  brewed  with  a  large  proportion  of  nop 
or  other  materials  containing  tannic  acid.    A  portion  oi  the 
diastase  reacting  on  the  starch  of  the  barley  converts  it  into 
dextrin,  and,  indeed,  carries  conversion  to  the  further  stage 
of  maltose,  as  will  be  explained  immediately.    The  tem- 
perature to  which  the  malt  is  heated  is  made  to  vary,  so 
that  the  sugar  of  the  malt  may  or  may  not  be  partially 
altered  to  a  dark-brown  colouring  material :  if  the  tempera- 
ture is  high,  the  malt  is  said  to  be  high-dried,  and  is  used  m 
porter-brewing ;  if  low,  the  product  is  of  lighter  colour,  and 
is  used  for  ale.    The  diastase  remaining  in  malt  is  still 
capable  of  converting  a  large  quantity  of  starch  into  dextrin 
and  sugar  (maltose) ;  hence  the  makers  or  distillers  oi  the 
various  spirits  operate  on  a  mixture  of  malted  and  unmalted 
grain  in  preparing  liquors  for  fermentation. 

Extract  of  Malt  is  an  evaporated  infusion  of  malt.  Taken 
with  food,  its  diastase  aids  in  the  conversion  of  starch  into  a 
variety  of  sugar  termed  maltose,  and  dextrin,  and  pro  tanto, 
assists  enfeebled  digestive  powers. 

3C8H,0Os  +  H20  =  C12H22On  +  C6H10O6 
Starch.  Maltose.  Dextrin. 

As  diastase  begins  to  lose  this  power  at  temperatures  above 
150°  F.,  that  degree  should  not  be  exceeded  in  evaporating 
the  infusion  ;  indeed,  if  the  dissolved  albumenoid  matters  are 
to  be  retained,  the  evaporation  should  be  conducted  at  120°  F. 

The  following  method  serves  for  the  estimation  of  the 
diastasic  power  of  malt  extract : — 1*5  gram  of  the  extract  is 
dissolved  in  15  c.c.  of  water  and  mixed  with  a  mucilage  of 
•1  gram  of  starch  in  100  c.c.  of  water.    The  mixture  is  raised 
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to  140°  F.  in  temperature,  and  tested  from  time  to  time  by 
adding  two  drops  of  iodine  solution  to  5  c.c.  of  it,  and  com- 
paring with  5  c.c.  of  a  similar  mixture  to  which  no  starch 
has  been  added.  No  difference  of  tint  between  the  two 
solutions  indicates  completion  of  the  reaction.  Good  malt 
extract  will  accomplish  this  within  half  an  hour,  some 
samples  will  take  less  time,  but  many  commercial  extracts 
will  require  three  hours  or  more. 

Gum  is  a  frequent  constituent  of  vegetable  juices,  existing 
in  large  quantity  in  several  species  of  Acacia.  The  nature 
of  gums  is  very  little  known,  though  most  probably  they  all 
belong  to  the  carbohydrates.  According  to  Fremy,  gum  is  a 
calcium  salt,  sometimes  partially  a  potassium  salt,  of  the 
gummic  or  arable  radical,  though  consisting  mostly  of  arabin 
or  arabic  acid  alone.  The  formula  of  gummic  acid  is  said  to 
be  H2C12H18O10,H2O,  but,  from  the  important  researches  of 
O'Sullivan,  it  would  seem  to  be  far  more  complex,  a  multiple 
of  the  empirical  formula,  C6H10O5 — Raoult  (C6H10O5)7.  Gum 
differs  from  dextrin  in  yielding  mucic  acid  when  oxidized  by 
nitric  acid.  Good  adhesive  mucilages  may  be  made  from 
such  gum-arabic  substitutes  as  "ghatti,"  "amrad,"  etc. 
Cerasin  or  cherry-tree  gum  is  a  metagummate  of  calcium,  an 
insoluble  modification  of  acacia  gum.  Bassorin,  traganthin, 
or  adraganthin  (C12H20O10)  is  a  form  of  gum  which  is  in- 
soluble in  water,  but  absorbs  large  quantities  of  that  liquid 
and  forms  a  gelatinoid  mass  :  it  occurs  largely  in  Tragacanth, 
combined,  like  arabin,  with  calcium.  Pectin,  or  Vegetable 
Jelly  (C32H40O28,  4H20),  is  the  body  which  gives  to  expressed 
vegetable  juices  the  property  of  gelatinizing  :  it  forms  the 
chief  portion  of  Irish  or  Carrageen  "  Moss  "  (Chondrus  cris- 
pus).  Ceylon  u  Moss  "  (Gracillaria  lichenoides  and  G.  con- 
fervoides,  P.I.)  contains  from  one-third  to  three-fourths  of 
vegetable  jelly. 

The  mucilage  of  marsh-mallow  root  (Althea  officinalis)  and 
of  linseed  or  common  flax-seed  (Linum  usitatissimum)  is  a 
gum-like  substance  containing  much  mineral  matter.  It  is 
the  basis  of  the  infusions  termed  mallow-tea  and  linseed-tea. 
Somewhat  similar  mucilage  occurs  in  infusion  of  Bael  :  it  is 
also  largely  yielded  by  the  seeds  of  the  Quince  (Pyrus 
Cydonia).  Salep,  the  powdered  dried  tubers  of  many  species 
of  Orchis,  contains  a  large  quantity  of  such  matter.  Squill 
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also.  The  Indian  Okra  (Hibisci  Capsulce,  P.I.,  from  Hibiscus 
esculentus)  and  Ispaghid  or  Spogel  seeds  (Ispaghulce  semina, 
P.I.,  from  Plantago  ispaghula)  also  appear  to  contain  a  con- 
siderable quantity. 

Cellulin,  or  cellulose,  C6H10O5,  the  woody  fibre  of  plants, 
familiar,  in  the  nearly  pure  state,  under  the  forms  of  "  cotton- 
wool "  (Gossypium,  B.P.,  hairs  of  the  seed  of  various  species 
of  Gossypium),  paper,  linen,  and  pith,  is  another  substance 
isomeric,  probably  polymeric,  with  starch.  Lignin  is  a 
closely  allied  body,  lining  the  interior  of  woody  cells  and 
vessels.  By  the  action  of  nitric  acid  of  various  strengths  on 
cellulin,  mono-,  di-,  or  tri-nitrocellulins  are  readily  formed  : — 
C6Hp04N03,  C6H803(N03)2,  C6H70,,  (N03)3.  Trinitrocellulin 
is  highly-explosive  gun-cotton  ;  dinitrocellulin  is  not  suffici- 
ently explosive  for  use  instead  of  gunpowder;  mononitro- 
cellulin  is  scarcely  at  all  explosive.  The  heat  of  a  waterbath 
may  explode  trinitrocellulin,  but  not  dinitrocellulin  if  pure. 
The  three  displaceable  atoms  of  hydroxyl  in  cellulin  may 
be  displaced  by  bodies  other  than  the  nitric  radical. 

Dinitrocellulin  (Pyroxylin,  B.P.)  may  be  prepared  by  the 
following  official  process  : — Mix  five  fluid  ounces  of  sulphuric 
acid  and  five  of  nitric  in  an  earthenware  mortar,  immerse 
1  ounce  of  cotton-wool  in  the  mixture,  and  stir  it  for  three 
minutes  with  a  glass  rod,  so  that  it  is  thoroughly  and  uni- 
formly wetted  by  the  acids.  Transfer  the  cotton  to  a  vessel 
containing  a  considerable  volume  of  water,  stir  it  rapidly  and 
well  with  a  glass  rod,  decant  the  liquid,  pour  more  water 
upon  the  mass,  agitate  again,  and  repeat  the  affusion,  agita- 
tion, and  decantation  until  the  washings  cease  to  give  a 
precipitate  with  chloride  of  barium.  Drain  the  product  on 
filtering  paper,  and  dry  on  a  water-bath. 

Pyroxylin  may  also  be  made  by  soaking  7  parts  of  white 
filtering-paper,  which  has  been  washed  in  hydrochloric  acid 
and  dried,  in  a  mixture  of  140  parts  of  sulphuric  acid  (sp. 
gr.  1*82)  and  70  of  nitric  acid  (1'37)  for  three  hours,  and 
well  washing  the  product  (Guichard). 

Mononitrocellulin  and  trinitrocellulin  are  insoluble  in  a 
mixture  of  alcohol  and  ether  ;  dinitrocellulin  or  pyroxylin  is 
soluble,  the  solution  forming  ordinary  collodion  (Collodium, 
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B.P.).  The  official  proportions  are  1  oz.  of  pyroxylin  dissolved 
in  a  mixture  of  36  fl.  oz.  of  ether  and  12  of  rectified  spirit. 
After  digesting  for  a  few  days,  decant  the  liquid  from  any 
sediment  and  preserve  it  in  a  well-corked  bottle.  It  dries 
rapidly  upon  exposure  to  the  air,  and  leaves  a  thin,  trans- 
parent film,  insoluble  in  water  or  spirit.  Flexible  collodion 
(Collodium  Flexile,  B.P.)  is  a  mixture  of  collodion  (48  fluid 
parts),  Canada  balsam  (2  parts),  and  castor  oil  (1  part).  Blis- 
tering Collodion  (Collodium  Vesicans,  B.P.)  is  a  solution  of 
pyroxylin  in  acetic  ether  containing  the  active  blistering 
principle  of  cantharides.  Many  articles  of  utility  and  beauty 
are  now  made  of  pyroxylin  variously  coloured  and  sold  under 
the  name  of  xylonite  (ijvXov,  xulon,  wood)  or  celluloid 
(cellulin-like). 

Tunicin,  or  animal  cellulose,  exists. 

Isomerism.    Allotropy.  Polymorphism. 
The  composition  of  dextrin  is  represented  by  the  same 
formula  as  that  of  starch,  namely  C6H10O5  ;  for  it  has  the 
same  percentage  composition  as  starch.    Inulin  (p.  5bb)  and 
cellulose  (p.  571)  have  also  a  similar  formula.    There  are 
many  other  bodies  similar  in  centesimal  composition,  but  dis- 
similar in  properties  ;  such  substances  are  termed  isomeric 
(from  laos,  isos,  equal,  and  pepos,  meros,  part;  and  their  con- 
dition is  spoken  of  as  one  of  isomerism.    There  is  some- 
times good  reason  for  doubling  or  otherwise  multiplying  the 
formula  of  one  of  two  isomers,  isomerides,  or  isomeric  bodies. 
Thus  a  molecule  of  ethylene  (defiant  gas),  the  chief  illumi- 
nating constituent  of  coal-gas,  is  represented  by  the  formula 
CLE,   while  a  molecule  of  amylene,  an  anaesthetic  liquid 
hydrocarbon,  obtained  from  amylic  alcohol,  though  having 
the  same  percentage  composition  as  olefiant  gas,  is  repre- 
sented by  the  formula  C6H10 ;  for  amylene,  when  gaseous,  is 
about  twice  and  a  half  as  heavy  as  ethylene,  and  must  con- 
tain, therefore,  in  each  molecule,  twice  and  a  half  as  many 
atoms  for  (Avogadro)  these  equal  volumes  must  contain 
e^ual  'numbers  oT  molecules  ;  its  formula  is,  consequently, 
constructed  to  represent  those  proportions.    (Read  again 
pa«es  29  to  60.)    This  variety  of  isomerism  is  termed  poly- 
merism  (from  iroXis,  polios,  many  or  much,  and  pepoj  part). 
Form  c  aldehyde,  CH20  ;  acetic  acid,  C2H402,  and  lactic  acid, 
OH  O   are  obviously,  polymers.   Metastannic  acid  (vide  p. 
2^75)  is'a polymeric  variety,  or  polymeride,  of  stannic  acid. 
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An  illustration  of  a  second  variety  of  isomerism  is  seen  in  the 
case  of  cyanate  of  ammonium  and  urea,  bodies  already 
alluded  to  in  connection  with  cyanic  acid.     These  and 
several  other  pairs  of  chemical  substances  have  dissimilar 
properties,  yet  are  similar,  in  elementary  composition  and 
in  the  centesimal  proportion  of  the  elements,  and  we  cannot 
escape  the  conclusion  that  each  molecule  possesses  the  same 
number  of  atoms.    But  the  reactions  of  these  bodies  indicate 
the  probable  nature  of  their  construction  ;  and  this  is  shown 
in  their  formulse  by  the  disposition  of  the  symbols.  Thus 
cyanate  of  ammonium  is  represented  by  the  formula  NH4CN0, 
urea  by  CO(NH2)2.     Such  bodies  are  termed  rnetameric 
(from  fierd,  meta,  a  preposition  denoting  change,  and  //.epos), 
and  their  condition  spoken  of  as  one  of  metamerism.  For 
two  rnetameric  nitro-methylic  and  also  two  nitro-ethylic  bodies 
see  p.  483.     Acetate  of  ethyl  (p.  484)  is  rnetameric  with 
butyric  acid  (p.  582),  for  they  have  the  same  percentage  com- 
position and  their  vapours  have  the  same  specific  gravity, 
and  each  therefore  might  be  represented  by  the  formula 
C4H802 ;  but  their  properties  warrant  us  in  assuming  that 
their  atoms  occupy  different  positions  in  the  two  molecules — 
justify  us  in  giving  CH3COOC3H5  as  a  picture  of  a  molecule 
of  acetate  of  ethyl,  and  C3H7COOH  as  a  picture  of  a  molecule 
of  butyric  acid.   Acetate  of  methyl  (CH3COOCH3),  propionic 
acid  (C2H5COOH),*  and  formate  of  ethyl  (H-CO-OC2H5)  are 
isomers  of  the  rnetameric  variety,  or  metamers,  or  metame- 
ricles ;  also  quinine  and  quinidine,  cinchonine  and  cinchoni- 
dine,  and  many  of  the  volatile  oils,  etc.    The  isomerism  of 
starch  and  dextrin  may  be  of  a  polymeric  or  of  a  rnetameric 
character;  but  we  do  not  yet  know  which,  and  must  there- 
fore at  present  give  them  identical  formulse,  though  it  is  most 
probable  that  many  of  the  carbohydrates  are  multiples  of 
the  mere  empirical  formulas,  since  dextrin  (o;CGH10O5)  by 
hydration,  produces  maltose,  C12H22On,  which  would  point 
to  the  formula  of  dextrin  as  being  at  least  (C6H10O6)2,  while 
the  extent  to  which  it  lowers  the  freezing  point  of  a  solvent 
points  to  (C6H1()05)7.    Patient  accumulation  of  facts  and  the 
aid  of  the  theory  of  valency  will,  doubtless,  sooner  or  later, 
fully  explain  all  cases  of  isomerism. 

Substances  similar  in  composition  and  constitution,  yet 
differing  in  properties,  are  termed  allotropic  (aAAos,  alios,  an- 
other, Tpo7ros,  tropos,  condition).  Thus  ordinary  phosphorus, 
*  For  explanation  of  formula),  see  section  on  Aldehydes  and  Acids,  p.  475. 
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kept  at  a  temperature  of  about  450°  I\,  in  an  atmosphere 
from  which  air  is  excluded,  becomes  red,  opaque,  insoluble 
in  liquids  in  which  ordinary  phosphorus  is  soluble,  oxidizes 
extremely  slowly,  and  only  ignites  when  heated  to  near  500° 
F.  (red,  or  amorphous  phosphorous).    A  black  allotropic 
variety  of  phosphorus  is  known.     There  are   also  three 
allotropes  of  carbon  which   are   respectively  crystalline, 
graphitic,  and  amorphous.    Sulphur  may  be  obtained  in  the 
viscous  as  well  as  in  the  hard,  brittle  condition.  Another 
illustration  of  allotropy  is  seen  in  the  varieties  of  tartaric  acid 
which  have  different  optical  properties,  but  otherwise  are 
identical ;  they  are  in  neither  of  the  above-mentioned  states 
of  isomerism,  but  are  allotropic  modifications  of  the  same 
substance.    The  constitution  of  such  bodies  is  perhaps  best 
conceived  by  the  aid  of  stereochemical  hypotheses.  Occa- 
sionally one  and  the  same  substance  crystallizes  in  two  dis- 
tinct forms ;  its  state  is  then  described  as  one  of  polymor- 
phism (ttoAw,  polus,  many  ;  pop^v],  morphe,  form).  Sulphur 
is  polymorphous.    It  crystallizes  by  slow  cooling  in  (1)  pris- 
matic crystals  of  sp.  gr.  1-98,  while  in  Nature  it  occurs  in 
(2)  octahedra  of  sp.  gr.  2-07.    Melted  and  poured  into  water, 
sulphur  takes  up  (3)  the  form  of  caoutchouc  of  sp.  gr.  1-96. 
These  differences  warrant  the  statement  that  sulphur  occurs 
in  three  distinct  allotropic  conditions.    Possibly  such  con- 
ditions result  from  the  association  of  different  numbers  of 
atoms  in  the  molecule  of  the  element;  that  is,  allotropic 
bodies  may  simply  be  physically  polymeric,  or  in  some  other 
way  be  mere  physical  isomerides. 


QUESTIONS  AND  EXERCISES. 
How  is  wheat-starch  or  potato-starch  isolated  ?— Define  gluten  and 
glutin.— Enumerate  the  proximate  principles  of  wheaten  flour.- Is  starcn 
soluble  in  water  ?— Which  is  the  best  chemical  test  for  starch  /—Distin- 
guish physically  between  the  varieties  of  starch.— Into  what  compound  is 
starch  converted  by  heat?— What  occurs  when  a  mixture  of  starch  and 
water  is  allowed  to  flow  into  hot  diluted  sulphuric  acid?— If  two  equal 
amounts  of  starch  with  water  be  heated,  one  containing  a  small  quantit) 
of  ground  malt,  what  effects  ensue?— Write  a  short  article  on  the  chemistrj 
of  malting. -What  is  the  nature  of  gum  arabic  ?  and  how  is  it  distin- 
guished from  "  British  gum  "  ?— Mention  the  properties  of  the  products 
of  the  action  of  nitric  acid  of  various  strengths  on  cellulin  — How  is 
pyroxylin  prepared  ?-Explain  isomerism,  giving  several  illustrations. 
Give  examples  of  polymeric  bodies-State  the  formula  of  a  body [  me  tu- 
meric with  urea.— Define  allotropy  and  polymorphism,  giving  Ulustia 
tions. 
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General  Formation. — The  aldehydes  and  acids  may  be 
artificially  formed  by  oxidation  of  the  primary  alcohols, 
glycols,  etc.  Monhydric  alcohols,  having  only  one  hydroxyl 
(OH)  group,  form  monobasic  acids,  dihydric  alcohols  (gly- 
cols) having  two  hydroxyl  groups,  yield  monobasic  and 
dibasic  acids ;  and  so  on.    Thus  : — 


CH3CH0OH  ■) 

Ethyl  alcohol  J 


CEUOH 


CH2OH 
Glycol  or 
Ethylene  glycol. 


ielda  f    CH3C0H  ; 

^  (,  Acetic  aldehyde  J 

(yields  CH2OH 

COH 
Glycollic  aldehyde. 

and  COH 
also 

COH 

Oxalic  aldehyde. 


,  (  CHoCOOH 
and  <  ». 

(,  Acetic  acid. 

CH,OH 


and 


and 


COOH 
Glycollic  acid. 
COOH 

COOH 

Oxalic  acid. 


It  will  be  seen  that  the  groups  COH  and  COOH  denote 
respectively  an  aldehyde  and  an  acid,  the  H  in  the  COOH 
group  being  replaceable  by  a  metal,  such  as  CHa'CO-ONa 
(acetate  of  sodium).    See  also  pages  488  and  543. 

Acids  may  also  be  obtained  by  acting  on  the  nitrites  or 
cyanides  of  the  hydrocarbon  radicals  with  hydrochloric  acid 
and  water.    Thus  : — 


CH,    +    Cl2    =    CH,C1    +  HC1 
Methane.     Chlorine,   Monochloro-  Hydrochloric 
methane.  acid. 

CH3C1     +     KCN      =     CH3CN     +  KC1 
Monochloro-        Cyanide  of    Cyanide  of  methyl     Chloride  of 
methane.  potassium.       or  acetonitrile.  potassium. 

CH3CN    +    2H20    +    HC1    =    CH3COOH    +  NH4C1 

Acetonitrile.*       Water.     Hydrochloric      Acetic  acid.  Ammonium 

acid.  chloride. 

Many  aldehydes  and  acids  occur  in  Nature ;  for  example,  oil 
of  meadow-sweet  (salicylic  aldehyde),  oil  of  bitter  almonds 
(benzoic  aldehyde),  citric  acid  in  lemons. 

General  Reactions. — Aldehydes  all  form  crystalline  com- 

*  The  reactions  of  nitriles  indicate  that  the  radical  present  is  united  to 
the  carbon  of  the  cyanogen,  while  the  reactionsof  isonitriles  (or  carbamines) 
indicate  that  the  radical  is  united  to  the  nitrogen.  Hence  such  formula: 
as  CH3CN  and  CH3NC. 


576 


ORGANIC  CHEMISTEY. 


pounds  with  acid  sulphite  of  potassium,  by  oxidation  they 
yield  an  acid,  and  by  the  action  of  nascent  hydrogen  they 
yield  an  alcohol,  while  acids,  by  nascent  hydrogen,  yield  an 
aldehyde  and  then  an  alcohol.  With  oxides,  hydrates,  car- 
bonates, and  sometimes  with  metals,  acids  form  metallic 
derivatives.  With  the  alcohols,  acids  yield  alkyl*  or  ethe- 
real salts,  as,  for  instance,  acetic  ether.  By  the  action  of  the 
chloride,  iodide,  or  bromide  of  phosphorus  their  hydroxyl 
group  is  replaced  by  chlorine,  iodine,  or  bromine : — 

3CH3COOH    +    PC13    =    3CH3C0-C1    +  P03H3 
Acetic  Phosphorus         Chloride  Phosphorous 

acid.  trichloride.         of  acetyl.  acid. 

Like  inorganic  acids,  they  form  anhydrides  by  the  elimina- 
tion of  water : — 

2CH3COOH    -    H20    =  gg$g}0 
Acetic  acid.  Water. 

Acetic  anhydride. 

The  important  aldehydes  and  acids  will  now  be  mentioned. 


The  Acetic  Series. 

Acids  of  the  Acetic  Series,  CnH2n+1CO-OH  (Monobasic).— 
Formed  by  the  two  general  methods  given,  namely,  from 
primary  alcohols  of  the  ethylic  series  and  from  cyanides  of 
the  paraffin  hydrocarbon  radicals. 

Formic  Acid,  H'COOH.    Formic  aldehyde,  H-COH.  See 

P'  Acetic  Acid,  CH3COOH  (Methylformic  acid).  Obtained 
by  the  oxidation  of  alcohol  and  in  other  ways.    See  p.  347. 
Aldehyde,  or  Acetic  Aldehyde,  C2H40,  or  CH3COH. 

Preparation.— Place  together,  in  a  capacious  test-tube  or 
flask,  about  four  parts  of  spirit  of  wine,  six  of  black  oxide 

*  Alkyl  Salts.  Alkyl,  from  the  Arabic  article  al,  the,  as  in  alkali, 
alcohol,  etc.,  and  the  termination  common  to  the  names  of  such  radicals 
as  ethyl,  amyl,  and  phenyl,  and  as  seen  in  methyl,  the  prototype  of  such 
names  (See  p.  521.)  In  Germany  the  word  ester,  a  mere  variation  o  the 
word  ether,  is  similarly  employed.  In  the  scientific  chemistry ^  of  both 
countries  it  is  thus  sought  to  restrict  the  name  ethers  to  the  oxides  ol 
radicals,  as  common  ether  (02H,)sO  (/Ether,  B.P.). 
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of  manganese,  six  of  sulphuric  acid,  and  four  of  water,  and 
gently  warm  the  mixture ;  aldehyde  (aZcohol  dehydrogen- 
atum),  a  highly  volatile  liquid,  is  immediately  formed,  and 
its  vapour  evolved,  recognised  by  its  peculiar,  somewhat 
fragrant  odour.  Adapt  a  cork  and  rather  long  bent  tube 
to  the  test-tube,  and  let  some  of  the  aldehyde  slowly  distil 
over  into  another  test-tube,  the  condensing-tube  being  kept 
as  cool  as  possible.  Set  the  distillate  aside  for  a  day  or  two  ; 
the  aldehyde  will  have  nearly  all  disappeared,  and  acetic 
acid  be  found  in  the  tube.  Test  the  exposed  liquid  by  lit- 
mus-paper ;  it  will  be  found  to  have  an  acid  reaction  :  make 
it  slightly  alkaline  by  a  drop  or  two  of  solution  of  carbonate 
of  sodium,  then  boil  to  remove  any  alcohol  and  aldehyde 
present,  add  sulphuric  acid,  and  notice  the  characteristic 
odour  of  the  acetic  acid  evolved. 

These  experiments  will  enable  the  process  of  acetification 
described  in  connection  with  acetic  acid  to  be  more  fully 
understood.  Pure  dikited  alcohol  is  not  oxidized  by  ex- 
posure to  air  alone  ;  but  in  presence  of  a  ferment,  bacterium 
aceti,  it  is  oxidized  first  to  aldehyde  and  then  to  acetic 
acid. 

In  the  above  process  the  black  oxide  of  manganeise  and 
sulphuric  acid  furnish  nascent  oxygen  : — 

Mn02    +    H2S04    =    MnS04     +    0    +  H30 

Black  oxide      Sulphuric      Sulphate  of     Oxygen  Water, 
of  manganese.       acid.  manganese.  (atom). 

The  nascent  oxygen  then  acts  on  the  alcohol,  just  as  the 
oxygen  of  the  air  acts  on  the  alcohol  in  fermented  infusion 
of  malt,  beer,  or  wine,  giving  aldehyde : — 

CH3CH2OH    +    0    =    CH3COH    +  H„0 

Alcohol.  Oxygen       Aldehyde.  Water, 

(atom). 

The  aldehyde  rapidly,  even  when  pure  (more  rapidly  when 
impure),  absorbs  oxygen  and  yields  acetic  acid  : — 

2CHaCOH    +    02    =  2CH3COOH 
Aldehyde.        Oxygen.        Acetic  acid. 

Tests. — Aldehyde  heated  with  solution  of  potash  gives 
a  brownish-yellow  resinous   mass  of  peculiar  odour.  Its 
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aqueous  solution  reduces  salts  of  silver,  giving  a  mirror-like 
coating  to  the  cleaned  sides  of  a  test-tube.  When  acted  on 
by  phenol  dissolved  in  sulphuric  acid,  it  gives  a  red  colour. 
Aldehyde  on  keeping,  or  in  contact  with  sulphuric  acid, 
chloride  of  zinc,  etc.,  yields  two  polymerides— metaldehyde, 
(ccC2H40),  and  paraldehyde,  C6H1203,  the  latter  having  a 
characteristic  odour.  The  official  paraldehyde  (Paraldehy- 
dum,  B.P.)  boils  at  124°  C,  should  not  melt  under  10°  C, 
dissolves  in  water,  spirit  or  ether,  is  neutral,  and  if  it  contains 
no  ordinary  aldehyde,  will  not  be  coloured  on  standing  for  two 
hours  with  solution  of  potash  or  soda. 


CHLORAL. 

Chloral,  or  trichloraldehyde,  CC13C0H,  is  a  chlorine  substi- 
tution derivative  of  aldehyde,  though  it  cannot  directly  be 
obtained  by  acting  on  aldehyde  by  chlorine,  because  condens- 
ation products  are  formed. 

Process.— Pass  a  rapid  stream  of  dry  chlorine  into  pure 
absolute  alcohol  so  long  as  absorption  occurs.  During  the 
first  hour  or  two  the  alcohol  must  be  kept  cool,  afterwards 
gradually  warmed  till  ultimately  the  boiling-point  is  reached. 
The  preparation  of  a  considerable  quantity  occupies  several 
days  The  crude  product  is  mixed  with  three  times  its 
volume  of  sulphuric  acid  and  distilled,  again  mixed  with  a 
similar  quantity  of  sulphuric  acid  and  again  distilled,  and 
finally  rectified  from  quicklime. 

The  formation  of  chloral  would  at  first  sight  seem  to  be 
due  to  the  production  from  the  alcohol  (CH3GH2Uj±)  or 
aldehvde  (CHsCOH),  through  the  removal  of  hydrogen  by 
Se  chlorine,  and  the  substitution  of  chlorine  for  hydrogen 
in  the  aldehyde  (CH,COH)  with  formation  of  chlor-aMchydc 
or  Moral  (CC13C0H).  But  the  reactions  are  far  more  com- 
plicated, being  as  follows  :— 

Aldehyde  and  hydrochloric  acid  are  first  formed  :— 

CHCH,OH     +     Cl„     -     CH3COH     +  2HC1 
AlSl  CMorLo.  Aldehyde.       Hydroohlonc  ac.d. 
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The  nascent  aldehyde  unites  with  alcohol,  forming  acetal : — 

CH3COH    +    2C2H3OH    =    CH3-CH-(OC2H5)2    +  OH2 
Aldehyde.  Alcohol.  Acetal.  Water. 

Acetal*  by  further  chlorination  yields  trichloracetal : — 

CH3-CH(OC2H5)„    +    3C12    =    CC13CH-(0C2H5)2    +  3HC1 

Acetal.  Chlorine.  Trichloracetal.    Hydrochloric  acid. 

Trichloracetal  when  acted  on  by  hydrochloric  acid  yields 
ethyl  chloride  and  chloral  alcoholate  : — 

CCl3CH<ggA  +  HC1  =  GCl3CH<ggH5  +  C2jj5C1 

Trichlo: acetal.  Chloral  alcoholate.   Ethyl  chloride. 

From  the  alcoholate,  chloral  is  liberated  by  treatment  with 
sulphuric  acid : — 

CCl3-CH-(OC2H5)OH  +  H2S04  =  CCl3COH  +  C2H5HS04  +  OH2 
Chloral  alcoholate.         Sulphuric        Chloral.      Ethyl-hydrogen  Water. 

acid.  sulphate. 

Properties. — It  is  a  colourless  liquid,  of  oily  consistence. 
Sp.  gr.  1-502.  Boiling-point  201-2°  F.  Its  vapour  has  a 
penetrating  smell,  and  is  somewhat  irritating  to  the  eyes. 
Mixed  with  water,  heat  is  disengaged,  and  solid  white, 
crystallizable,  chloral  hydrate,  CC13CH(0H)2,  or  Hydrate  of 
Chloral  {Chloral  Hydras,  B.P.),  results.  "  Chloral  hydrate'" 
is  a  true  glycol,  the  water  not  being  simply  water  of  cry- 
stallization but  of  combination,  the  systematic  name  being 
trichlorethylidene  glycol : — 

C2H4(OH)2  CC13CH(0H)2 
Ethylene  glycol.  Trichlorethylidene  glycol. 

Chloral  hydrate  fuses  when  heated,  solidifies  at  about  120°  F., 
boils  at  from  202°  to  206°  F.  It  sublimes  as  a  white  crystal- 
line powder.  Both  chloral  and  chloral  hydrate  are  soluble 
in  water,  alcohol,  ether,  and  oils.  Oils  and  fats  are  also 
soluble  in  chloral  hydrate.  The  aqueous  solution  should  be 
neutral,  and  give  no  reaction  with  nitrate  of  silver.  Chloral, 
especially  if  it  contains  a  trace  of  acid,  may  undergo  a  spon- 
taneous change  into  an  opaque  white  isomeric  modification, 
metachloral,  insoluble  in  water,  alcohol,  or  ether,  but  conver- 

*  Methylal,  CH2(OCH:,)2,  the  lowest  term  of  the  series,  is  occasionally 
used  as  a  soporific. 
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tible  by  prolonged  contact  with  water  or  by  distillation  into 
the  ordinary  condition.  By  action  of  weak  alkalies  chloral 
yields  formate  of  the  alkali-metal  and  chloroform  : — 

CCI3COH  +  KOH  =  H-CO-OK  +  CHC13. 

Chloral,  or  rather  strong  aqueous  solution  of  chloral 
hydrate  (3  in  4),  injected  beneath  the  skin  yields  chloroform, 
and  produces  narcotic  effects  (Liebreich,  Personne).  Chloro- 
form itself  admits  of  similar  hypodermic  use  (Richardson). 
If  administered  by  the  stomach,  thirty  to  eighty  grains  of 
solid  hydrate  are  required.  The  final  products  of  the 
reaction  of  the  chloroform  and  blood  are  formate  and  chloride 
of  sodium.  A  strong  spirituous  solution  of  potash  effects 
the  same  transformation  :— CHC13  +  4KOH  =  H-COOK  + 
3KC1  +  2H20. 

Solution  of  ammonia  and  moist  hydrate  of  calcium,  as  well 
as  weak  solutions  of  fixed  alkalies,  convert  hydrate  of  chloral 
into  formate  of  the  metal  and  chloroform.  The  reaction 
with  the  slaked  lime  being  especially  definite  and  complete 
(Wood),  it  may  be  employed  in  ascertaining  the  richness  of 
a  sample  of  commercial  chloral  hydrate  in  chemically  pure 
chloral  hydrate. 

2(CC13CH(CH)2)  +  Ca20H  =  2CHC13  +  (HCOO)2Ca  +  2H20. 

"~ 331~~  239 
From  the  foregoing  equation  and  molecular  weights,  it  is 
obvious  that  100  grains  of  hydrate  of  chloral,  if  quite  dry, 
will  yield  by  distillation  with  30  grains  of  slaked  lime  and  an 
ounce  of  distilled  water  (in  a  small  flask  and  long  bent  tube 
kept  cool  by  moistened  paper)  72-2  grains  of  chloroform  by 
weight,  or  (the  sp.  gr.  of  chloroform  being  taken  at  1'497) 
47-56  grains  by  measure,  or  about  52  minims.  100  grains 
of  the  official  hydrate  of  chloral  "  should  yield  not  less  than 
70  grains  of  chloroform."  (Any  such  definite  quantity  of 
chloroform,  on  account  of  its  volatile  nature,  is  perhaps  best 
measured,  the  weight  being  obtained  by  multiplying  the 
volume  by  1'5.) 


Small  quantities  of  chloral  hydrate  in  dilute  solutions  may 
be  estimated  by  converting  its  chlorine  into  hydrochloric 
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acid  by  nascent  hydrogen,  and  titrating  with  volumetric 
solution  of  nitrate  of  silver  (Short).  A  quantity  of  solution 
containing  not  more  than  "05  of  a  gram  is  placed  in  a  small 
flask  with  granulated  zinc  and  acetic  acid,  and  allowed  to 
stand  twenty-four  hours  ;  the  solution  is  then  poured  off"  and 
the  zinc  washed  two  or  three  times  with  distilled  water,  a 
little  yellow  chromate  of  potassium  is  added,  and  it  is  then 
titrated  with  decinormal  nitrate  of  silver  solution  in  the 
usual  way,  the  acetic  acid  and  acetate  of  zinc  not  interfering 
with  the  indications.  1,000  c.c.  of  the  silver  solution  indicate 
5'52,  nearly,  of  chloral  hydrate. 

Pure  Chloral  Hydrate. — Liebreich,  who  first  proposed  the 
use  of  chloral  hydrate,  gives  the  following  as  the  character- 
istics of  a  pure  article : — Colourless,  transparent  crystals. 
Does  not  decompose  by  the  action  of  the  atmosphere,  does 
not  leave  oily  spots  when  pressed  between  blotting-paper, 
affects  neither  cork  nor  paper.  Smells  agreeably  aromatic, 
but  a  little  pungent  when  heated.  Tastes  bitter,  astringent, 
slightly  caustic.  Seems  to  melt  on  rubbing  between  the 
fingers.  Dissolves  in  water  like  candy  without  first  forming 
oily  drops ;  and  the  solution  is  neutral  or  faintly  acid  to 
test-paper.  Dissolves  in  bisulphide  of  carbon,  petroleum, 
ether,  water,  alcohol,  oil  of  turpentine,  etc.  Its  solution  in 
chloroform  gives  no  colour  when  shaken  with  sulphuric  acid. 
Boiling-point  203°  to  205°  F.  It  volatilizes  without  residue. 
Distilled  with  sulphuric  acid,  the  chloral  should  pass  over  at 
205°  to  207°  F.  Melting-point  133°  to  136°  F.,  again  solidi- 
fying at  about  120°.  Gives  no  chlorine  reaction  on  treating 
the  solution  in  water  (acidulated  by  nitric  acid)  with  nitrate 
of  silver. 

Impure  Chloral  Hydrate. — Yellowish,  cloudy.  Decom- 
poses ;  leaves  spots  by  pressing  between  blotting-paper ; 
decomposes  corks  and  paper  of  the  packing.  Smells  pungent 
and  irritating;  on  opening  the  bottle  is  sticky  and  often 
emits  fumes.  Taste  strongly  caustic.  With  water  forms 
oily  drops  or  is  partially  insoluble.  Boils  at  a  higher  tem- 
perature. On  treating  it  with  sulphuric  acid  turns  brown, 
with  formation  of  hydrochloric  acid.  Gives  chlorine  reaction 
on  treating  the  solution  in  water  (acidulated  by  nitric  acid) 
with  nitrate  of  silver. 

Alcoholates  of  chloral  are  obtained  on  combining  alcohols 
with  chloral.    Chloral  alcoholate  or  trichlorethylidene  ethyl 
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ether,  CC13CH<^qq  H  is  obtained  by  mixing  alcohol  with 
chloral,  it  is  in  fact  "chloral  hydrate "  with  one  hydroxyl 
group  replaced  by  (OC2H5). 

Bromal,  CBr3COH,  hydrate  of  bromal,  CBr3CH(OH)2,  and 
alcoholates  of  bromal,  are  produced  when  bromine  instead  ot 
chlorine  attacks  alcohol.    Iodal,  CI3COH,  also  exists. 

Butyl  Chloral,  C3H4C13C0H,  originally,  but  erroneously, 
termed  croton  chloral,  is  a  product  of  the  action  of  dry  chlorine 
on  cold  aldehyde.    Its  name  expresses  its  constitution ;  it  is 
chlorinated  butyric  aldehyde- ordinary  chloral  being  chlorin- 
ated acet-aldehyde.    Butyl-chloral  hydrate  croton-chloral 
hydrate  wrongly  so  called,  hydrate  of  bu ^l°"fJr?(^  ~ 
chloral  Hydras,  ~B.~P.),hydrous  butyl  chloral,  C3H4Gl3U±(U±i)2 
(trichlorbutylidene  glycol),  occurs  "in  pearly  white  crystalline 
scales,  having  a  pungent  but  not  acid  odour,  ™Bembhng  1*at 
of  hydrous  chloral,  and  an  acrid  nauseous  taste     It  fuses  at 
about  172°  F.  (77-8°  C.)  to  a  transparent  liquid  which  m 
cooling  commences  to  solidify  at  about  160   i .  (711  uj. 
Soluble  in  about  fifty  parts  of  water,  m  its  ™ 
glycerine  and  of  rectified  spirit,  and  nearly  ^soluble  n  chlo 
foform.    The  aqueous  solution  is  neutral  or  but  slightly  acid 
to  l7tmus-paperq  It  does  not  yield  cWoro^  when  heated 
with  solutions  of  potash  or  soda  or  with  milk  of  lime. 

The  Acetic  Series  of  Acids,— continued. 

Propylic  or  Propionic  Acid  (ethyl-formic  acid),C2H5COOH, 
is  produced  by  oxidation  of  propylic  alcohol. 

Butvric  ov  Tetrulic  Acid  (propyl-formic  acid),  C3H7CUUH, 
is  formed  by  general  methods  ;  also  during  the  fermentation 
of  £2.    if  is  found  as  a  glyceric  salt  in  butter  (whence 

iiBFeZuUc  Valerianic  or  Valeric  Acid,  C4H9COOH.-There 
are  s  S  varieties  of  this  acid  the  valerianic  acid  from 
Pierian  and  angelica  root,  and  that  artificially  formed  from 
c  alcohol  p.  429),  being ^ ijfflgW ^ 

anic  acid,  or  iso-propylacetic  acid,  OH(CT^O^ COOH  'ie 
normal  having  the  constituhon  ^^^^^om 
Palmitic  Acid,  C:5H31COOH,  1  om  lata ,,sua f  > 
+  p  TT  nOOH  •  cerotic  acid,  C2r,Hf);ibUUri,  nom  uiea«^  > 
suet,  C^s^uii  nun OOH  f rom  beeswax  and  from 
and  mclissic  acid,  C2yl-i59l-AJU.ti,  rrom 
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canauba  wax  (from  the  leaves  of  Copemicia  cerifera,  a  Bra- 
zilian palm),  belong  to  the  acetic  series. 

The  Lactic  Series. 

Acids  of  the  Lactic  Series,  CnH2n(OH)COOH.— This  series 
is  formed  of  hyclroxy-derivatives  of  the  acetic  series,  one 
atom  of  hydrogen  being  replaced  by  the  hydroxyl  group. 

CH3COOH  GH2(OH)COOH 
Acetic  acid.  Hydroxyacetic  or  glycollic  acid. 

Though  they  possess  only  one  carboxyl  (OOOH)  group,  yet, 
having  an  alcoholic  hydroxyl  group,  they  may  sometimes 
form  di-substitution  derivatives  with  the  metals. 

They  are  best  formed  by  hydrolysis  of  thenitriles  produced 
on  combining  hydrocyanic  acid  with  aldehydes  or  ketones  ; 
also  by  partial  oxidation  of  glycols  by  diluted  nitric  acid ; 
and  by  acting  on  monochloro-derivatives  of  the  acids  of  the 
acetic  series  by  moist  silver  oxide  : — 

2CH2Cl-COOH  +  Ag20  +  H20  =  2CH2OH-COOH  +  2AgCl 
Monochloracetic  acid.  Glycollic  acid. 

Carbonic  Acid  or  Hydroxy  formic  Acid,  OH"  CO 'OH,  the 
first  of  this  series,  has  been  studied  already.  Carbamide 
or  Urea,  NIL/CO'NHg,  the  normal  amide  of  carbonic  acid,  is 
interesting  historically  as  being  the  first  organic  body  syn- 
thetically produced  from  inorganic  sources.  (See  Index, 
"  Urea,  Artificial  production  of.")  The  acid  amide  of  carbonic 
acid,  carbamic  acid,  NH^CO^OH,  occurs  as  an  ammonium 
salt,  NHg'CO'ONHj,  in  the  carbonate  of  ammonium  of  phar- 
macy. The  carbamate  of  ethyl,  or  Urethane,  NH2'COOC2H5, 
is  a  mild  hypnotic. 

Glycollic  Acid  (Hydroxyacetic  acid),  CH2OH,COOH,  is 
found  in  the  leaves  of  the  Virginia  Creeper ;  artificially  it 
may  be  obtained  by  carefully  oxidizing  glycol,  and  by  the 
action  of  silver  oxide  on  dextrose  and  lsevulose. 

Lactic  Acid  (Hydroxypropionic  acid),  C2H4(OH)COOH. 
At  least  three  isomeric  lactic  acids  are  known  ;  the  fermen- 
tative lactic  acid  (ethylidene*  lactic  acid)  CH3CH-(OH) 
COOH  (see  p.  410),  and  sarcolactic  acid,  from  flesh,  being 
those  of  importance. 

*  Bodies  having  the  CH3CH  group  are  called  ethylidene  compounds. 
Compare  chloral  hydrate,  ixwhlov ethylidene  glycol,  CC13CET-(0H)2. 
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The  Acrylic  Series. 

Acids  of  the  Acrylic  Series,  CnHg^COOH. 

Acrylic  Acid,  C3H3COOH,  or  CH(CH2)COOH,  is  formed 
by  oxidizing  acrolein  (acrylic  aldehyde,  see  Glycerine)  by 
oxide  of  silver. 

Crotonic  Acid,  or  methacrylic  acid,  C3H5COOH,  or  CH 
(CHCH3)COOH,  formerly  supposed  to  be  a  constituent  of 
croton  oil,  may  be  formed  by  oxidizing  crotonic  aldehyde,  and 
by  acting  on  allyl  cyanide,  C3H5CN,  by  water  and  hydrochlo- 
ric acid :  -  C3H5CN  +  2H20  +  HC1  =  C3H5COOH  +  NH4C1. 

Oleic  Acid  C18H3402,  or  CH  (C16H33)COOH,  is  found  as  a 
glyceric  salt  in  many  fats  and  oils. 

Preparation. — Olive  oil  is  saponified  with  caustic  potash 
and  the  resulting  soap  decomposed  by  tartaric  acid,  which 
liberates  oleic  and  stearic  acids.  The  oleic  and  stearic  acids 
are  heated  with  lead  oxide,  forming  lead  oleate  and  stearate, 
the  former  being  dissolved  out  from  the  latter  by  ether. 
The  ether  is  evaporated  and  the  lead  oleate  treated  with 
hydrochloric  acid,  which  liberates  the  oleic  acid. 

Elaidic  Acid  (isomeric  with  oleic  acid)  is  formed  by  pass- 
ing nitrogen  peroxide  into  oleic  acid  ;  it  is  more  stable  than 
oleic  acid,  distilling  unchanged. 

The  Benzoic  or  Aromatic  Series. 

Acids  of  the  Benzoic  or  Aromatic  Series,  CnH2n_7COOH. — 
The  acids  of  this  series  are  formed  by  oxidizing  hydrocarbons, 
by  oxidation  of  alcohols  of  the  benzylic  series,  and  by  acting 
on  the  cyanides  of  the  members  of  the  benzene  series.  All 
the  acids  of  this  series,  with  the  exception  of  benzoic  acid, 
possess  many  isomers. 

Benzoic  Acid,  C6H5COOH,  occurs  naturally  in  gum  benzoin 
(Gum  Benjamin),  which  contains  from  12  to  15  per  cent., 
the  rest  being  mainly  composed  of  two  resins  having  the 
formulae  C40H46O9  and  C3nHt0O5.  Benzoic  acid  may  be  ob- 
tained by  oxidizing  benzoic  aldehyde,  C6H5COH,  which  may 
be  prepared  from  trichloromethylbenzene  (see  Toluene,  p.  515). 
Benzoene  (toluene)  C6H5CH3,  may  be  directly  oxidized  into 
benzoic  aldehyde,  the  methyl  group  (CH3)  being  resolved 
into  GOOH,  evidence  that  benzoic  acid  is  really  a  benzoene 
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derivative,  not  a  phenoene  derivative.  For  other  modes  of 
obtaining  benzoic  acid  artificially,  see  p.  396.  It  may  also 
be  produced  from  hippuric  acid  (benzamidacetic  acid),  p.  402. 
Benzoic  acid  heated  with  lime  yields  benzene  :— 

C6H5COOH     +     CaO     =     C6H6       +  CaC03 
Benzoic  acid.      Calcium  oxide.     Benzene.         Calcium  carbonate. 

Benzoic  Aldehyde,  or  Benzaldehyde,  06H5COH,  forms  the 
greater  part  of  oil  of  bitter  almonds  (see  Amygdalm,  p.  5y5). 
It  is  a  colourless  liquid,  soluble  in  30  parts  of  water,  and  m 
all  proportions  in  ether  and  alcohol.  With  acid  sulphite 
of  potassium  it,  like  other  aldehydes,  forms  a  crystalline 
compound,  C6H5-COH-NaHS03. 

Benzoyl  Chloride,  C7H50C1,  results  from  the  action  of 
chlorine  on  benzaldehyde  (formerly  termed_  benzoyl  hydride, 
C7H,0H)  or  from  the  action  of  pentachlonde  of  phosphorus 
oi  benzoic  acid  {benzoyl  hydrate,  C7H L5OOH)  Benzaldehyde 
also  results  from  the  oxidation  of  the  benzyl  alcohol  (C^OH) 
of  balsam  of  Peru.  . 

The  other  acids  of  this  series  are  not  very  important. 

The  Hydroxybenzoic  Series. 

Acids  of  the  Hydroxybenzoic  Series,  G^  f^'^°^\r 
Just  as  the  acids  of  the  lactic  series  are  related  to  the  acetic 
series,  so  are  the  acids  of  the  hydroxybenzoic  (or  salicylic) 
series  related  to  the  benzoic  series. 

CH3COOH  aH,0H'C0,0H„>acW 
Acetic  acid.  Hydroxyacetic  or  glycollic  acid. 

H  C00H  C(iH4OH-COOH 
Benzoic  acid.  Hydroxybenzoic  or  salicylic  acd. 

SalicylicovIIydroxybenzoicAcid,C7ILG0^ 
(Acidum  Salicylicum,  B.P.).    Natural  salicylate  of  methjl 
fdescribed  on  p.  485.    It  also  occurs  -  f^eral  species  of 
violet  (Mandolin).     Salicylic  acid  may  be  made  by  the 
Sdation  of  salicylic  aldehyde  (vide  infra)  or  by  the ,  acUon 
of  carbonic  acid  on  phenol  or  carbolic  acid  (liolbe).  10 
accomplish  this,  the  pW  iB  mixed  with  caustic  soda, 
formTnrsodium-phenol  or  carbolate  of  sodium,  Cf)H50Na 
sodium  phenol  is  then  saturated  with  carbonic  acid  at 
the  TdiZy  temperature,  by  which  phenylcarbonate  of 
odium  is  Pryoducel    The  'latter  on  being  heated  m  closed 
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vessels  is  transformed  into  salicylate  of  sodium,  from  which 
salicylic  acid  may  be  obtained  by  the  action  of  hydrochloric 
acid,  and  purification  by  recrystallization  from  alcohol.  It 
appears  to  be  identical  with  the  natural  acid. 

C6H5ONa    +    C02    =  C6H50-CO-ONa 
Sodium  phenol,  or  Phenylcarbonate  of  sodium. 

Carbolate  of  sodium. 

C6H50-COONa   =  C6H4OHCOONa 

Phenylcarbonate  Salicylate  of 

of  sodium.  sodium. 

C6H4OH-COONa    +    HC1    =    C6H4OH-COOH    +  NaCl 
Salicylate  of  sodium.  Salicylic  acid. 

Salicylate  of  Phenyl,  C6H4OH-C(>OC6H5,  or  salicylic  phenol, 
or,  shortened,  salol,  is  a  new  antiseptic,  antipyretic,  anti- 
rheumatic remedy.  It  is  white,  crystalline,  soluble  in  alcohol, 
insoluble  in  water,  and  of  an  aromatic  odour. 


Table  showing  the  Relations  betioeen  the  Benzoic  and 
Hydroxybenzoic  Acids. 


Benzoic  acid   CCH5-COOH. 

Hydroxybenzoic  or  salicylic  acid    CcH4OH'C(>OH. 

Dihydroxybenzoic  acid    CBH3(OH)2-COOH. 

Trihydroxybenzoic  or  gallic  acid    C6H2(OH)3-CO-OH. 


Salicylic  acid,  like  carbolic  acid,  is  a  powerful  antiseptic, 
but  is  free  from  the  taste  and  smell  of  carbolic  acid.  It  is 
only  slightly  soluble  in  cold  water,  but  readily  soluble  in  hot 
water,  alcohol,  ether,  and  in  aqueous  solutions  of  such  alkali- 
metal  salts  as  borax,  phosphate  of  sodium,  or  citrate  of 
potassium,  which  it  converts  into  acid  salts  with  formation 
of  a  salicylate.  A  similar  antiseptic  cresotic  acid  (hydroxy- 
toluic  acid,  C6H3OH-CH3-COOH)  is  similarly  obtained  from 
cresol  or  cresylic  acid,  CRH4OH-CHv  Ferric  chloride 
strikes  a  violet  coloration  with  both  salicylic  and  cresotic 
acids.  Both  acids  have  antipyretic  powers.  The  true  sali- 
cylates of  the  alkali-metals,  and  probably  therefore  the 
cresotates,  are  very  feeble  antiseptics.  Salicylate  of  sodium 
(Sodii  Salicylas,  B.P.),  (NaC7H503)2,H20,  the  old  Salicylate 
of  Soda,  made  by  neutralizing  salicylic  acid  with  hydrate  or 
carbonate  of  sodium,  forms  small,  nearly  colourless,  lamellar 
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crystals,  soluble  in  alcohol,  and  readily  soluble  in  water. 
Carbolic  acid  often  containing  cresylic  acid,  commercial  sali- 
cylic acid  may  contain  cresotic  acid.  An  alcoholic  solution 
of  salicylic  acid  allowed  to  evaporate  spontaneously,  expo- 
sure to  dust  being  avoided,  should  leave  a  white  residue  free 
from  colour  even  at  the  points  of  the  crystals.  Salicylic 
acid  yields  coloured  substances  on  being  nitrated  and 
etherified,  etc.  Iodosalicylic  acid  and  di-iodosalicylic  acid, 
C7H5I03  and  C7H4I203,  are  used  in  medicine. 

Salicylic  Aldehyde,  or  hydroxybenzoic  aldehyde,  C6H4OH- 
COH  (salicylous  acid,  hydride  of  salicyl).— Found  in  the 
essential  oil  of  meadow-sweet  (Spirea  idmaria);  also  obtained 
by  the  oxidation  of  saligenin  (see  p.  604).  It  may  be  arti- 
ficially formed  by  the  action  of  chloroform  on  sodium-phenol. 

Preparation.— Mix  10  parts  of  phenol  with  20  parts  of 
sodium  hydrate  dissolved  in  30  parts  of  water  in  a  flask 
having  an  upright  condenser,  and  gradually  add  20  parts  of 
chloroform.  After  heating  the  flask  on  a  water-bath,  until 
all  chloroform  has  disappeared,  add  excess  of  hydrochloric 
acid,  when  a  red-violet  oil  will  rise  to  the  surface.  Pour 
the  'contents  of  the  flask  into  a  retort,  and  pass  steam 
through  it  till  no  more  aldehyde  comes  over.  The  reaction 
is  as  follows  : — 

CrH5ONa  +  3NaOH  +  CHC13  =  C6H,ONa-COH  +  3NaCl  +  2H,0. 
Sodium  Chloroform.   Sodium  BaUcyl.c 

This,  treated  with  hydrochloric  acid,  gives  :— 

'  CfH4ONa-COH    +    HC1    =    06H4(OH)OOH    +  NaCl. 
Sodium  salicylic  Salicylic  aldehyde, 

aldehyde. 

The  oil  which  passes  over  (orthohydroxybenzoic  aldehyde) 
may  be  purified  from  phenol  (with  which  it  is  always  con- 
taminated) by  treating  with  acid  sulphite  of  sodium,  which 
orms  a  compound  with  the  aldehyde,  leaving  the  phenol 
which  may  be  removed  by  dissolving  in  ether.  An  isomeric 
slHcvlic  aldehyde  (parahydroxybenzoic  aldehyde)  is  formed 
withthe  ortho-aldehyde,  and  remains  dissolved  in  he  water 
in  the  retort,  from  whence  it  is  precipitated  on  cooling. 
Cousin,  Q.HA  (the  principle  of  the  Tonka  bean), 
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may  be  obtained  by  acting  on  the  sodium-derivative  of  sali- 
cylic aldehyde  with  acetic  anhydride  and  sodium  acetate 
(Perkin). 

The  Trihydroxybenzoic  Series. 

Acids  of  the  Series  (0nH2n_i0(OH)8COOH).  Gallic  Acid, 
or  trihydroxybenzoic  acid,"  C6H2(OH)3COOH  (see  p.  426). 
By  the  elimination  of  one  molecule  of  water  from  two  mole- 
cules of  gallic  acid,  tannic  acid  is  produced. 


nrj  fCOOHx  fCOOH 
C«HU(OH)3  C6H2]  (OH)2 


(0  , 

v=  [  +  h2o 


n  tt  (COOHI  rCO 

]  C(OH)3 
Gallic  Acid.  Tannic  Acid. 

Gallic  acid  (or  tannin,  see  p.  426)  by  heat  yields  pyrogallol 
or  pyrogallic  acid  and  carbonic  anhydride. 

C6H2(OH)3COOH     -     C6H3(OH)3     +  C02 


The  Cinnamic  Series. 

Acids  of  the  Cinnamic  Series,  CuH2ll_9COOH.— Cinnamic 
acid,  C8H7COOH,  may  be  obtained  from  the  balsams  of  tolu, 
Peru,  and  storax.  It  may  be  made  artificially  by  a  process 
analogous  to  that  by  which  coumarin  is,  as  just  stated,  pre- 
pared from  salicylic  aldehyde. 

1.  Balsam  of  Pent,  (Balsamum  Peruvianum,  B.P.),  an  exu- 
dation from  the  trunk  of  Myroxylon  Pereirat,  is  a  mixture 
of  oily  matter  with  about  one-quarter  or  one-third  resinous 
matter,  and  6  per  cent,  of  cinnamic  acid.  The  oil,  by  fractional 
distillation  in  an  atmosphere  of  carbonic  acid  gas  and  under 
diminished  pressure,  furnishes  benzyl-hydrate,  or  benzylic  alco- 
hol (CGH5CH2OH),  benzoate  of  benzyl  (C^CO-OC^),  and 
cinnamate  of  benzyl  (C8H7C6-OC7H7),  or  cinnamcin  (Kraut). 
By  action  of  alcoholic  solution  of  potash  it  yields  benzoate  and 
cinnamate  of  potassium,  and  benzylic  alcohol ;  also  cinnamic 
alcohol  (C8H7CH2OH),  otherwise  known  as  peruvine  or  sty- 
rone  ;  it  also  often  holds  in  solution  metacinnamein  or  styracin 
(C18H1602),  isomeric  with  cinnamic  aldehyde  (C8H7COH). 
The  resin  of  balsam  of  Peru  seems  to  result  from  the  action 


590 


ORGANIC  CHEMISTRY. 


of  moisture  on  the  oil.     Any  admixture  of  resin,  oil,  storax, 
benzoin,  or  copaiva,  with  balsam  of  Peru  is  detected  by 
mixing  six  grains  of  slaked  lime  with  ten  drops  of  the 
balsam,  when  a  soft  product  results  if  the  specimen  be  pure, 
but  hard,  if  impure  ;  further,  the  mixture,  on  being  warmed 
until  volatile  matter  is  expelled  and  charring  commences, 
gives  no  fatty  odour.     2.  Balsam  of  Tolu  (Balsamum  Tolu- 
tanum,  B.P.)  is  an  exudation  from  the  trunk  of  Myroxylon  To- 
luifera  ;  in  composition  it  closely  resembles  balsam  of  Peru, 
but  is  more  susceptible  of  resinification.  It  contains  benzoate 
and  cinnamate  of  benzyl,  cinnamic  acid,  a  little  benzoic  acid 
(Busse),  and  about  1  per  cent,  of  a  volatile  hydrocarbon, 
tolene,  C10H16.    The  cinnamic  acid  crystals  may  be  seen  with 
a  lens  when  a  little  of  the  balsam  is  pressed  between  two 
warmed  pieces  of  glass.     Old  hard  balsam  of  tolu  is  a  con- 
venient source  of  cinnamic  acid,  which  may  be  extracted  by 
the  same  process  as  that  by  which  benzoic  acid  is  obtained 
from  benzoin — namely,  ebullition  with  alkali,  filtration,  and 
precipitation  Toy  hydrochloric  acid.   3.  Storax  is  an  oleo-resin 
obtained  from  the  Liquidambar  orientate.     It  contains  a 
volatile  oil  termed  styrol,  cinnamene,  or  cinnamol  (C8H8)— 
which  possibly  (Berthelot)  is  condensed  acetylene,  4C2H2— 
cinnamic  acid,  styracin,  or  cinnamate  of  cinnamyl  (C8H7CO- 
OCgHg)  and  a  soft  and  a  hard  resin.     Styrol  differs  from 
similar  hydrocarbons  in  being  converted  into  a  polymeric 
solid,  termed  metastyrol  or  draconyl,  on  heating  to  about 
400°  F.   For  medicinal  use,  storax  (Styrax  Praiparatus,  B.P.) 
is  purified  by  solution  in  alcohol,  filtration,  and  removal  of 
the  alcohol  by  distillation.     By  oxidation  with  red  chromate 
of  potassium  and  sulphuric  acid  it  yields  an  odour  resem- 
bling that  of  essential  oil  of  bitter  almonds. 


Dibasic  Acids. 

Dibasic  Acids  are  acids  having  two  carboxyl  (COOH) 
groups  in  the  molecule. 

The  Succinic  Series. 

Acids  of  the  Succinic  Series,  CnH2„(COOH)2.-These  acids 
may  be  formed  by  the  oxidation  of  glycols,  or  by  the  action 
of  water  and  hydrochloric  acids  on  the  cyanides  of  the 
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defines,  obtained  by  acting  on  the  define  dibromo-additive 
derivatives  by  potassium  cyanide. 

Oxalic  Acid,  C204H2,  or  (COOH)2,  is  the  first  of  this 
series.    It  may  be  obtained  by  oxidizing  glycol,  02H4(OH)2 — 

CHoOH  COOH 

|  +     202    =     |  +  2H20. 

CH2OH  COOH 
Glycol.  Oxalic  Acid. 

Also  by  the  action  of  carbonic  anhydride  on  metallic 
sodium : — 

2C02          +  Na2  =  C204Na2 

Carbonic  anhydride.  Sodium.         Sodium  oxalate. 

For  other  methods,  see  Oxalic  Acid,  p.  372. 

Oxamide,  C203(NH2)2,  the  analogue  of  urea, — carbamide, 
CO(NH2)2, — is  formed  on  mixing  oxalate  of  ethyl  with 
ammonia ;  or  by  passing  cyanogen  into  aqueous  hydro- 
chloric acid  aNt,  +  2Hf)0  =  (CONHo)2. 

Succinic  Acid,  C2H4(COOH)2.    (See  p.  420.) 

The  Malic  Series. 

Acids  of  the  Malic  Series,  G^H^OHtCOOH^.— Malic,  or 
hydroxysuccinic  acid,  C2H3(OH)  (COOH)2,  is  obtained  arti- 
ficially by  acting  on  bromosuccinic  acid",  C2H3Br(COOH)2, 
with  moist  silver  oxide,  the  bromine  being  replaced  by 
hydroxyl.  It  is  contained  in  unripe  mountain-ash  berries, 
morello  cherries,  etc.    (See  p.  411.) 

CONH 

^Asparagin  (amidosuccinamic    acid),  C2H3NH2<qqqjj2 

The  Tartaric  Series. 

Acids  of  the  Tartaric  Series,  CnH2n_2(OH)2(COOH)2.— Tar- 
taric Acid  (dihydroxysuccinic  acid),  C2H2(OH)2(COOH)2, 
may  be  obtained  by  oxidizing  erythrite,  C2H2(OH)2(CH2OH)2. 
(See  p.  553.)  For  other  modes  of  formation,  see  p.  374.  There 
are  four  isomeric  tartaric  acids,  differing  by  their  action  on 
a  ray  of  polarized  light. 

The  Phthalic  Series. 

Acids  of  the  Phthalic  Series,  CnH2n_8  (COOH)2.  Phthalic 
Acid,   CyH4(COOH)2,    is    obtained    by   the   oxidation  of 
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napthalene  and  napthalene  tetrachloride,  or  a  mixture  of 
benzene  and  benzoic  acid.  By  distillation  it  forms  phthalic 
anhydride,  C8H403,  and  this  when  heated  with  phenol  and 
sulphuric  acid  yields  phenolphthalein  (B.P.),  a  light  yellow 
crystalline  powder,  which  when  dissolved  in  alcohol  is  used  m 
alkalimetry  for  its  property  of  turning  brilliant  red  with  the 
slightest  excess  of  alkali.  There  are  three  phthalic  acids, 
phthalic  acid  or  orthophthalic  acid,  06H4  COOH-COOH(()| ; 
isophthalic  acid  or  metaphthalic  acid,  CgH^COOHCOOH,™,, 
and  terephthalic  acid  or  paraphthalic  acid,  C6H4-COOH- 
COOH(p).    (&p.  542.) 

Tribasic  Acids. 

Tribasic  Acids,  having  three  carboxyl  (COOH)  groups  in 
the  molecule.  Tricarballylic  Acid,  or  propane-tricarboxylic 
acid  C,Hfi(COOH),,  is  the  first  of  these  series;  its  hydroxy- 
derivative,  is  citric  acid,  C3H4(OH)  (COOH)3,  (hydroxy-pro- 
pane-tricarboxylic  acid),  found  in  fruits.  It  has  already 
been  described  (see  p.  380). 

Other  Polybasic  Acids. 

Tetrabasic  acids-as  pyromellitic  acid,  C6H2(COOH)4— 
and  hexabasic  acids— as  mellitic  acid,  C6(CUUM)6— £ie 
known.   

QUESTIONS  AND  EXEBCISBS. 

Give  general  methods  for  the  formation  of  aldehydes .  and  acids  -How 
•  Moiri^vrlP  nvenared '—Describe  the  reactions  that  occui  in  the 
ISSSSrf  riSS^Sd  chloral  hydrate.-What  is  the  nature  of  the 

^  nf  f SwlVon  chloral  hydrate  ?-Mention  the  characters  of  pure 
^  ?™ ^lo?al  Sater-What  relation  has  valerianic  acid  to 

c  vie  Tn  whit  series  do  the  follow  ng  acids  belong  :  -Oleic,  butync, 
S3?Sad«5i^S5  Is  benzoic  acid  prepared  t  Give .^differences 

£nl °Ind^id^Give  systematic  names  of  tartaric,  succinic,  car- 
bonic,  salicylic,  and  citric  acids. 
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Ketones. 

Just  as  primary  alcohols  on  losing  hydrogen  yield  alde- 
hydes, so  secondary  alcohols  (see  p.  521)  on  losing  hydrogen 
yield  ketones : — 

CnH2n4-iCH20H     —    Ho    =    CuH2ii4-i  COH 
(CnH2n+i)2CHOH    —    H2    =  (CuHon+i^CO 

Like  aldehydes,  ketones  are  converted  by  nascent  hydrogen 
into  the  corresponding  alcohols.  Like  aldehydes,  ketones 
form  crystalline  compounds  with  acid  sulphites.  While, 
however,  aldehydes  by  oxidation  yield  corresponding  acids, 
ketones  break  up  and  yield  acids  whose  molecules  have  a 
smaller  number  of  carbon  atoms. 

Acetone,  C3H60,  or  dimethyl-ketone,  (CH3)2CO  or  CH3"CO 
CH3,  the  original  and  best  known  of  the  class,  may  be  ob- 
tained by  strongly  heating  acetate  of  calcium,  carbonate 
remaining.  The  calcium  salts  of  other  fatty  radicals  split 
up  in  a  similar  manner  (hence  perhaps  the  name — from 
Kt'w,  keo,  I  split,  and  the  original  acetone),  yielding  other 
ketones,  as  propione,  butyrone,  valerone,  etc.  The  mixed 
calcium  salts  give  corresponding  ketones.  Thus  acetate  and 
caprate  yield  methy-nonyl  ketone,  CH3  —  CO  —  C9H19,  the 
chief  natural  constituent  of  oil  of  rue.  Acetophenone  or 
phenylmethyl  ketone,  C(jH5-C(>CH3  is  known  as  hypnone. 

(CH3COO)2Ca    =    (CHs)2CO    +     Ca  C03 
Acetate  of  calcium.  Acetone.      Carbonate  of  calcium. 


Note. — There  are  many  organic  substances  the  composition 
of  which  has  been  established,  and  the  characters  of  which 
are  definite,  whether  basic,  acid,  or  neutral,  but  whose  con- 
stitution is  still  so  questionable  that  they  cannot  yet  be 
classified  with  the  hydrocarbons  and  derivatives  of  hydro- 
carbons. These  are  the  glucosides,  alkaloids,  albumenoids, 
certain  colouring  matters,  etc.  They  are  described  in  the 
following  pages. 


THE  GLUCOSIDES. 

Source —The  glucosides  are  certain  proximate  vegetable 
principles  which,  by  ebullition  with  dilute  acid,  or  other- 
method  of  decomposition,  take  up  the  elements  of  water  and 
yield  glucose,  accompanied  by  a  second  substance,  which 
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differs  in  each  case  according  to  the  body  operated  on. 
Several  of  the  glucosides  which  are  of  pharmaceutical  in- 
terest will  now  be  considered.  Tannin  has  also  been  said 
to  be  a  glucoside  ;  it  has  been  described  among  the  acids. 

There  are  indications  that  all  glucosides  may  be  regene- 
rated from  the  bodies  into  which  they  are  thus  converted. 

Note  on  Nomenclature. — The  first  syllable  of  the  names 
of  glucosides  and  neutral  principles  generally  are  commonly 
given  in  allusion  to  origin ;  the  last  syllable  is  in,  which 
sufficiently  distinguishes  them  as  a  class. 

Absinthin  (C15H10O4),  the  bitter  principle  of  Artemisia 
Absinthium,  or  wormwood,  yields,  when  boiled  with  acids, 
glucose,  volatile  oil  and  a  resin  of  the  aromatic  series.  (The 
liqueur  termed  absinthe  is  spirit  of  wine  flavoured  with 
natural  oil  of  wormwood,  coloured  by  chlorophyll,  and 
slightly  sweetened.) 

Amtgdalin  (C20H27NOu,3H2O).  This  body,  obtained  by 
Robiquet  and  Boutron-Charlard  in.  1830,  was  the  first  dis- 
covered glucoside  (Liebig  and  Wohler,  1837).  It  is  a  white 
crystalline  substance,  existing  in  the  bitter  {Amygdala 
Amara,  B.P.)  but  not  in  the  sweet  almond  {Amygdala  Dul- 
cis,  B.P.).  About  2  per  cent,  is  readily  extracted  by  strong 
alcohol  from  the  cake  left  when  the  fixed  oil  has  been  ex- 
pressed from  bitter  almonds.  From  the  concentrated  alco- 
holic solution  ether  precipitates  the  amygdalin. 

Make  an  emulsion  of  two  or  three  sweet  almonds  by  bruis- 
ing and  rubbing  them  with  water,  and  notice  that  it  has  no 
odour  of  essential  oil  of  bitter  almonds  ;  add  a  grain  or  two 
of  amygdalin :  an  odour  of  essential  oil  of  bitter  almonds 
is  at  once  developed.  Bruise  two  or  three  bitter  almonds 
and  rub  with  water  :  the  volatile  oil  is  again  developed. 

The  source  of  the  benzaldehyde,  or  essential  oil  of  bitter 
almonds,  in  these  reactions,  is  the  amygdalin,  which,  under 
the  influence  of  synaptase  or  emulsin  (a  nitrogenous,  casein- 
like ferment  existing  in  bitter  and  sweet  almonds),  splits  up 
into  essential  oil,  hydrocyanic  acid,  and  glucose : — 

aoH.^NO,,    +    2H30    =    C„Hr)COH    +    HON    +  2C(iH)2O0 
Amygdalin.  Water.        Benzaldohyde.       Hydro-  Glucose. 

cyanic  acid. 
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As  each  molecule  of  amygdalin  yields  one  of  hydrocyanic 
acid,  a  simple  calculation  shows  that  17  grains  (mixed  with 
emulsion  of  sweet  almonds)  will  be  required  to  form  one 
grain  of  real  hydrocyanic  acid,  a  quantity  equivalent  to  5U 
minims  of  the  diluted  hydrocyanic  acid  of  the  British  Phar- 
macopoeia. The  hydrocyanic  acid  is  probably  m  chemical 
combination  with  the  oil,  to  the  extent  of  about  5  per  cent 
According  to  Linde,  the  occurrence  of  the  benzaldehyde 
is  preceded  by  the  formation  of  benzaldehydcyanhydrm 
(C6H5CH(OH)CN).  The  emulsin  and  amygdalin  occur  m 
different  parts  of  the  bitter  almond.  -  . 

reS£.— The  reaction  between  synaptase  and  amygdalin  is 
applicable  as  a  test  of  the  presence  of  one  by  the  addition  ot 
the  other,  even  when  mixed  with  much  organic  matter. 

Jacobsen  obtains  true  benzaldehyde  artificially  from  ben- 
zodichloride  (dichloromethylbenzene,  C^CH-by,  one  oi 
the  dichlorotoluenes,  by  heating  with  glacial  acetic  acid  and 
chloride  of  zinc  with  a  little  water. 

Cherry  Laurel  Water- {Aqua  Laurocerasi ,  ^-^J  ^ 
lation  with  water  from  Laurocerasi  Folia,  B.P.)  contains 
hydrocyanic  acid  derived  from  a  reaction  BunJai  to,  in- 
deed probably  identical  with,  that  described  above M  ^ 
almond  oil  is  simultaneously  produced    But  1 1»  F™P°£ urn 
of  amygdalin  or  analogous  body -in  ^^Ttl  wTer 
most  variable ;  hence  normally  the  strength 
hiehlv  uncertain.     The  British  Pharmacopoeia,  howevei, 
d  ?ects  thaUt  shall  contain  01  per  cent,  of  real  *7*™V*™ 
acid  it  being  strengthened  by  the  addition  of  hydrocyanic 
Sd,'  or,  if  ngecessargy,  diluted\y  the  addition  of  distilled 
water,  until  it  has  the  prescribed  strength. 

Linseed  yields  a  glucoside  hnamarin,  ™ la  f  *° 
dalin.for  it  yields  glucose  and  hydrocyanic  acid  on  hydro 

ljtrteX  Pruni  Serotin*.-?ke  recently  dri^^T 
Bark  also  furnishes  by  distillation  an  essentia  oil  and  hydro 
cyanic  acid.   Quince-seeds  also  (Pyrus  Cydo »f  ^^ed 
Wild  Black  Cherry  (Prunus  Virgimana,  U.S.P),  collected 
in  autumn,  contains  amygdalin.  .        -m.r(,e  hiehlv 

Caution  -Essential  oil  of  almonds  is  of  covir se  mgi uy 
porsonous.    The  purified  oil  -  benzaMc £yde  i  almost* 
nocuous;  it  is  obtained  on  distilling  the  ci ^  oi  W 
of  lime  and  ferrous  chloride  and  _  drying  th< Hg^^ 
shaking  with  fused  chloride  of  calcium.   The  so  cauea 
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ficial  oil  of  bitter  almonds"  or  "nitrobenzol"  [C6H5N02], 
when  taken  in  quantity,  has  been  known  to  produce  death. 
The  presence  of  nitrobenzol  in  oil  of  bitter  almonds  is  de- 
tected by  adding  a  little  of  the  oil  to  a  mixture  of  zinc  and 
diluted  sulphuric  acid,  shaking  well,  setting  aside  for  an 
hour  or  two,  filtering  off  the  clear  liquid,  and  adding  a  little 
chlorate  of  potassium  ;  a  violet  colour  (actual  mauve)  is  pro- 
duced. The  reaction  is  due  to  the  formation  of  phenylamine 
or  aniline  (see  p.  514).  Or  the  specimen  may  be  shaken  with 
bisulphite  of  sodium  to  fix  the  benzaldehyde  (for  all  such 
aldehydes  form  a  compound  with  bisulphite  of  sodium),  and 
then  with  ether,  which  dissolves  out,  and  on  evaporation 
will  yield,  the  nitrobenzol. 

Arbutin  (C12H1607)  and  methyl-arbutin  (C13H1807)  is  con- 
tained in  the  leaves  of  Arctostaphylos  Uva  Ursi,  Chimaphila 
umbellata  and  many  ericaceous  plants.  It  is  a  bitter  neutral 
body  occurring  in  acicular  crystals,  and  resolvable  by  acids 
into  hydroquinone  (C6H603)  and  glucose,  and  by  gentle 
oxidation  into  quinone  (C6H402)  and  formic  acid.  Ericolin 
(C34H56021)  is  another  bitter  glucoside  in  bearberry-leaves. 

Cathartic  Acid. — "  The  glucoside  acid  that  now  is  known 
to  confer  on  the  Senna  of  Alexandria  (Senna  Alexandrina, 
B.P.)  and  of  Tinnevelly  (Senna  Indica,  B.P.)  its  purgative 
property  has  been  named  by  its  discoverers  (Dragendorff 
and  Kubly)  cathartic  acid.  Its  formula  has  been  stated  as 
Ci8oHi92N4S082  (but  A.  Gensz  more  recently  states  it  to  be 
CWE^NC)^).  It  is  insoluble  (?)  in  water,  strong  alcohol,  and 
ether,  but  enters  readily  into  either  solution  when  combined 
with  alkaline  and  ear  thy  bases,  in  which  state  it  exists  in  senna. 
Its  ammonium  salts  give  brownish  flocculent  precipitates 
with  salts  of  silver,  tin,  mercury,  copper,  and  lead.  Anti- 
monial  salts,  tannin,  and  yellow  and  red  prussiates  have  no 
effect^  upon  it.  Alkalies,  aided  by  heat,  act  destructively 
upon  it.  Boiled  with  a  mineral  acid,  it  splits  into  a  peculiar 
kind  of  glucose  and  an  acid  that  has  been  named  catharto- 
genic ;  its  formula  is  said  to  be  C13.2H116N4SO<M.  The  natural 
cathartate  occurring  in  senna  is  prepared  by  partially  preci- 
pitating by  strong  spirit  a  watery  infusion  of  senna,  con- 
centrated to  a  syrupy  state  by  evaporation  in  vacuo.  The 
filtrate  is  now  treated  with  a  much  larger  bulk  of  absolute 
alcohol,  and  the  precipitate  thus  obtained  is  purified  by 
repeated  solution  in  water  and  precipitation  by  alcohol.  To 
obtain  the  pure  acid,  advantage  is  taken  of  its  colloidal  pro- 
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perties;  the  crude  cathartate  is  dissolved  in  moderately 
strong  hydrochloric  acid,  and  subjected  to  dialysis  on  a  dia- 
phragm of  parchment  paper.  The  minimum  dose  of  this  pure 
acid  was  found  to  be  about  1^  grains,  which  caused  several 
stools  with  decided  griping." 

"  The  cathartic  combinations  that  I  have  made  are,  the 
cathartate  of  ammonium,  prepared  from  cathartate  of  lead  by 
my  original  process,  and  the  mixed  cathartates,  prepared  ac- 
cording to  DragendorfFs  method  as  modified  by  myself.  Of 
the  former  nearly  pure  salt,  I  have  found  3f  grains  to  purge 
fairly  as  to  amount,  but  slowly  as  to  time,  and  with  consider- 
able griping.  Of  the  latter  7£  grains  purged  violently  with 
much  griping  and  sickness,  which  continued  through  the 
greater  part  of  the  day.  It  obviously  would  be  improper  to 
combine  senna  with  any  of  its  metallic  precipitants,  should 
such  be  desired,  which  is  not  likely.  It  is  here  satisfactory 
to  observe  that  the  cathartate  of  magnesium  is  soluble,  and 
that  the  old-fashioned  black  draught  agrees  with  new- 
fashioned  science  "  (Groves). 

Buckthorn  Juice  (Rhamni  Succus,  B.P.,  1867)  owes  its 
cathartic  properties  to  a  substance  apparently  identical  with 
cathartic  acid. 

Colocynthin  (C56H840„3  ?).-This  substance  is  the  active 
bitter  and  purgative  principle  of  colocynth-fruit  (Colocyntlu- 
dis  Pulpa,  B.P). :  it  is  soluble  in  water  and  alcohol,  but  not 
in  ether.  By  ebullition  with  acids  it  furnishes  glucose  and 
a  resinoid  body. 

Convolvulin.— See  Jalapin.  ,  . 

Cotoin  (CooH1806)  appears  to  be  the  chief  active  principle 
of  Coto  bark,  a  Bolivian  remedy  for  diarrhoea..  A  similar 
bark,  false  coto,  or  paracoto,  contains  paracotoim,  LVilivA)6, 
and  hydrocotoin,  C15HuO 4. 

Daphnin  (C31HmO10)  is  the  crystalline  glucoside  of  the 
bark  of  Daphne  Mezereum  (Mezerei  Cortex,  B.f.).  Jioiiea 
with  dilute  acids,  it  yields  daphnetin  (C19H1409)  and  glucose. 
The  acrid  principle  of  mezereon  is  resinoid.  . 

Digitalin  (C27H45015,  Kosmann;  0BHA  Schmiedeberg). 
-This  is  an  active  principle  of  the  Foxglove,  Digitate 
purpurea.  On  boiling  a  grain  of  digitalin  with  diluted  sul- 
phuric acid  for  some  time,  flocks  of  digitaliretin  {LlbtL2bVb) 
separate,  and  glucose  may  be  detected  m  the  liquid. 

C»H«015    +    2H20    =    C16H!805    +  2C«H1S0, 
Digitalin.  Water.         Di«ital.rotin.  Glucmo. 
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Properties.— Digitalin  occurs  "  in  porous  mammillated 
masses  or  small  scales,  white,  inodorous,  and  intensely  bitter, 
readily  soluble  in  spirit,  but  almost  insoluble  in  water  and 
in  pure  ether ;  dissolves  in  acids,  but  does  not  form  with 
them  neutral  compounds  ;  its  solution  in  hydrochloric  acid 
is  of  a  faint  yellow  colour,  but  rapidly  becomes  green.  It 
leaves  no  residue  when  burned  with  free  access  of  air.  It 
powerfully  irritates  the  nostrils,  and  is  an  active  poison," 
B.P.  1867.  According  to  Pettenkofer,  "  an  intense  red  colour 
is  produced  if  a  trace  of  digitalin  dissolved  in  water  is  mixed 
with  a  weak  aqueous  solution  of  inspissated  bile  and  suffi- 
cient oil  of  vitriol  added  to  raise  the  temperature  to  158°  P." 
Moistened  with  sulphuric  acid  and  the  liquid  exposed  to  the 
vapour  of  bromine,  a  violet  colour  is  produced. 

Process. — -The  process  for  the  preparation  of  digitalin  con- 
sists in  dissolving  the  glucoside  out  of  the  digitalis-leaf 
( Digitalis  Folia,  B.P.)  by  alcohol,  recovering  the  alcohol  by 
distillation,  dissolving  the  residue  in  water  by  the  help  of  a 
small  quantity  of  acetic  acid,  removing  much  of  the  colour 
from  the  solution  by  animal  charcoal,  neutralizing  most  of  the 
acetic  acid  by  ammonia,  precipitating  the  digitalin  by  tannic 
acid  (with  which  it  forms  an  insoluble  compound),  washing 
the  precipitate,  rubbing  and  heating  it  with  spirit  and  oxide 
of  lead  (which  removes  the  acid  in  the  form  of  insoluble 
tannate  of  lead),  again  decolourizing  by  animal  charcoal, 
evaporating  to  dryness,  washing  out  impurities  still  remain- 
ing by  ether,  and  drying  the  residual  digitalin.  In  this  form 
digitalin  is  uncrystallizable  and  somewhat  indefinite. 

Pure  Digitalin  (?). — On  treating  commercial  digitalin 
with  chloroform  an  inert  substance  remains  undissolved. 
The  solution  yields  pure  digitalin  on  evaporation ;  it  may 
be  crystallized  from  spirit  in  radiating  needles  (Nativelle). 
The  therapeutic  effect  of  the  pure  substance  is  identical  with 
that  of  the  preparations  of  digitalis,  but  more  constant  in 
its  action,  and,  of  course,  intensely  powerful. 

Digitoxin  (C3]H3307),  (C31H3207,  Dragendorff )  is  a  highly 
poisonous  substance  extracted  from  Foxglove  by  Schmiede- 
berg.  The  same  chemist  regards  commercial  digitalin  from 
foxglove  seeds  as  composed  of  varying  proportions  of  three 
glucosides,  namely,  pure  active  digitalin  (C5H802),  digitonin 
(C31H52017)  (closely  allied  to  saponin),  and  digitalein,  with 
inactive  digitalin  or  digitin.  Kiliani  says  that  Schmiede- 
berg's  digitalein  is  a  mixture,  and  that  his  "  digitalin,"  which 
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is  a  pure  but  uncrystallisable  glucoside  CVE802,  is  the  true 
active  principle.  Digitonin,  C27H46014)  (Kiliani)  yields  on 
hydrolysis  digitogenin  C15H2403,  galactose  C6H1306,  and 
dextrose,  C6H1306. 

Elaterin  (C2oH2805).— Boil  elaterium  {Elaterium,  B.P.), 
the  dried  sediment  from  the  juice  of  the  squirting-cucumber 
fruit  (Ecballii  Fructus,  B.P.),  with  chloroform,  filter,  evapor- 
ate, wash  with  ether  the  precipitated  elaterin,  recrystallize 
it  from  chloroform  and  again  wash  the  crystals  with  ether. 
The  product,  the  official  Elaterinum  B.P.,  occurs  in  small 
hexagonal  plates  or  prisms. 

Elaterin  is  probably  not  a  true  glucoside.  It  does  not 
always  respond  to  the  test  for  glucose  after  boiling  with 
acids  ;  and  when  it  does,  the  reaction  is  possibly  due  to  pro- 
phetin,  a  glucoside  stated  by  Walz  to  be  present  in  elaterium. 

Elaterin  is  the  active  principle  of  the  so-called  elaterium. 
Elaterium  occurs  in  light  friable  greenish-grey  cakes.  Good 
specimens  of  this  drug  should  yield  not  less  than  20  per  cent, 
of  elaterin  by  the  above  process. 

Test.— A  little  is  placed  in  a  watch-glass  with  a  drop  of 
liquefied  carbolic  acid,  and  then  two  drops  of  strong  sulphuric 
acid  :  a  carmine  colour  is  developed.  (Lindo.) 

Erangulin,  C21H20O9,  is  a  glucoside  found  in  the  bark  of 
Rhamnus  frangula.  It  is  decomposed  on  hydrolysis  into 
emodin,  C15H10O5,  and  an  unfermentable  sugar,  rhamnosc 
CgH1205. 

Gentiopicrin,  or  Gentian-bitter  (C20H30O12),  the  neutral 
crystalline  principle  of  the  root  of  Gentiana  lutea  (Gentiance 
Radix,  B.P.).  It  is  soluble  in  water  and  weak  spirit. 
Alkalies  decompose  it.  Dilute  acids  convert  it  into  gentio- 
genin  and  glucose.  Gentian  root  also  contains  a  variety  of 
tannin  and  a  crystalline  acid  (HCi4Rn05)  termed  gentianic,  or 
gentisic  acid,  or  gentisin.  Fused  potash,  etc.,  gives  with  the 
latter  an  acid  (C7HG04),  which  has  also,  unfortunately,  been 
called  gentisic  acid. 

Glycyrrhtzin  (G,4H3C09,  Gorup-Besanez)  or  Glycyrrhizic 
Acid  (C44H63NOI8, "  Habermann).— Liquorice-root  (Glycyr- 
rhizai  Radix,  B.P.),  in  addition  to  uncrystallizable  sugar, 
contains  3  or  4  per  cent,  of  a  sweet  substance,  glycyrrhizin, 
which,  when  boiled  with  hydrochloric  acid  or  diluted  sulphuric 
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acid,  yields  a  resinoid  bitter  body,  glycyrretin,  and  an  uncrys- 
tallizable  sugar  resembling  glucose.  Glycyrrhizin  is  only 
slightly  soluble  in  cold  water,  hence  is  almost  wholly  ex- 
cluded from  the  official  evaporated  infusion  (Extractum  Gly- 
cyrrhizai, B.V.,&nd  Extractum  Glycyrrhizoz  Liquidum,  B.P.), 
but  is  present  in  considerable  quantity  in  the  evaporated 
decoction  (Stick  Liquorice,  Spanish  Liquorice,  or  Solazzi 
Juice).  It  is  soluble  in  ammoniacal  water.  The  tropical  substi- 
tute for  liquorice  is  the  root  of  Abrus  precatorius,  or  Indian 
Liquorice  (Abri  Radix,  P.I.),  the  kunch  or  gunj  of  Bengal,  the 
ratti  of  Hindustan,  and  the  jequirity  or  jequerity  of  Brazil, 
which  also  contains  glucose  and  glycyrrhizin.  The  seeds  yield 
by  maceration  a  substance  which  acts  as  a  poison  when  injected 
into  the  blood,  but  not  when  swallowed.  Warden  and 
Waddell  regard  the  active  principle  as  an  albumenoid  and 
term  it  abrin.  Bruylants  and  Venneman  consider  it  to  be 
a  product  of  germination,  and  call  it  jequeritin.  Bechamp 
and  Dujardin  regard  the  latter  as  a  mixture  of  legumin  and 
jequerity  zymase.  Glycyrrhizin  has  considerable  power  of  dis- 
guising nauseous  flavours.  Roussin  refers  the  sweet  taste  of 
liquorice  not  to  pure  glycyrrhizin  but  to  a  combination  of 
glycyrrhizin  with  alkalies,  and  states  that  ammoniacal  gly- 
cyrrhizin has  exactly  the  sweetness  of  liquorice-root.  The 
formula  of  this  glycyrrhizate  of  ammonium  is  said  by  Haber- 
mann  to  be  (NH4)3C44H60NOi8.  Sestini  finds  that  the  glycyr- 
rhizin of  liquorice-root  is  chiefly  glycyrrhizate  of  calcium. 

Guaiacin. — Resin  of  guaiacum  (Guaiaci  Resina,  B.P.),  an 
exudation  from  the  wood  {Guaiaci  Lignum,  B.P.)  of  Guaia- 
cum officinale,  is  probably  a  mixture  of  several  substances, 
among  which  are  guaiaretic,  or  guaiaretinic  acid  (C20H26O4, 
Hlasiwetz),  guaiaconic  acid  (C3SH40O10,  Hadelich),  and  guaia- 
cin, a  glucoside.  On  boiling  guaiacum-resin  with  diluted 
sulphuric  acid  for  some  time,  glucose  is  found  in  the  liquid, 
a  green  resinous  substance  (guaiaretin)  remaining  insoluble 
(Kosmann).  Most  oxidizing  agents,  and  even  atmospheric  air, 
especially  under  the  influence  of  certain  organic  substances, 
produce  a  blue,  then  green,  and  finally  a  brown  colour  when 
brought  into  contact  with  an  alcoholic  solution  of  guaiacum 
resin. 

These  effects  are  said  to  be  due  to  three  stages  of  oxidation 
(Jonas).  They  may  be  observed  on  adding  the  solution  to 
the  inner  surface  of  a  paring  of  a  raw  potato.  • 
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Helleborin  (C36H4206)  and  Helleborein  are 
crystalline  glucosides  occurring  in  the  roots  of  Black  Helle- 
bore (Helleborus  niger),  or  Christmas  rose,  and  (xreen  Helle- 
bore (H.  viridis),  ranunculaceous  herbs. 

Jalapin  (C31H50O16)  and  Convolvulin  (CmHbbOw).— Accor- 
ding to  Keyser  and  Meyer,  jalap-resin  contains  two  distinct 
subftances— convolvulin,  chiefly  obtained  from  Mexican  male 
ialap  (Ipomcea  Orizabensis),  and  jalapin,  most  largely  con- 
tained in  the  true  jalap  (Ipomcea  pur ga) ;  the  former  is  solu- 
ble in  ether,  the  latter  insoluble.  Boil  jalap-resin  with  diluted 
sulphuric  acid  for  some  time,  and  filter ;  a  substance  which 
is  probably  a  mixture  oljalapinol  (C13H2A)  ^convoUulinol 
(C,fiEUnOA  separates ;  glucose  may  be  detected  m  the  clear 
liqukl  It  is  to  be  regretted  that  the  authors _  transpose, 
these  names,  terming  the  old  well-known  jalapin  convol- 
vulin.) 

C31H50O16   +    5H20    =    C13H2403   +  3C6H1206 
Jalapin.  Water.        Jalapinol.  Glucose. 

Jalapic  ^cid.-This  is  contained  in  the  portion  of  jalap 
resin  soluble  in  ether.  It  may  also  be  obtained  from  jalapin 
by  ebullition  with  alkalies  : — 

2C31H50O16     +     3H20     =  C^HicsO^ 
Jalapin.  Water.  Jalapic  acid. 

Jalap-resin  (Jalapce  Resina,  B.P.)  is  obtained  by  digesting 
and  percolating  jalap  tubercles  (Jalapa,  B.P.)  with  spirit  of 
winef  adding  a  little  water,  distilling  off  the  spirit,  pouring 
away  the  aqueous  portion,  which  contains  much  saccharine 
matter,  and  washing  and  drying  the  residual  resin.  Jalap 
thoroughly  exhausted  by  this'  process  should  furnish,  accoid- 
ng  o  ^British  Pharmacopoeia,  not  less  than  ten  per  cent; 
of  "resin,  of  which  resin  (Jalap,  Resina,  B.P.)  no Uno,ta 
one-tenth  should  be  soluble  in  ether;  a  test  wh *  eludes 
the  so-called  «  Tainpico  »  jalap,  the  resin  of  wh^Wu^ 
in  ether.  The  tincture  of  jalap  is  sometimes  decolo zed  by 
animal  charcoal,  and  the  evaporated  product  sold  as  jala 


pin." 


Jalap-resin  is  insoluble  in  oil  of  turpentine  ;  common  resin, 
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or  rosin,  soluble.  If  the  presence  of  the  latter  is  suspected, 
the  specimen  should  be  powdered,  digested  in  turpentine, 
the  mixture  filtered,  and  the  filtrate  evaporated ;  no  residue, 
or  not  more  than  yielded  by  the  turpentine  itself,  should  be 
obtained. 

Tampico  Jalap,  from  Ipomaia  simulans,  yields  a  resin  which 
apparently  is  chiefly  convolvulin,  but  sometimes  contains 
jalapin;  for  a  sample  obtained  by  Hanbury  was  entirely 
soluble  in  ether,  and  another  extracted  by  Umney  was  almost 
wholly  soluble,  while  Evans  purified  some,  half  only  of  which 
was  soluble. 

The  Ealadana  resin  or  Pharbitisin  of  India  (from  Pharbitis 
Nil,  P.I.),  is  a  cathartic  analagous  to,  if  not  identical  with, 
resin  of  Jalap. 

Loganin,  C25H34014,  is  a  glucoside  obtained  from  the  pulp 
of  the  fruit  and  from  the  seeds  of  Strychnos  Nux  vomica, 
Loganiacese,  by  Dunstan  and  Short.  Boiled  with  dilute  sul- 
phuric acid,  it  yields  glucose  and  loganetin. 

Ouabain  (C30H46O12,  Arnaud,  or  C30H52O14)  is  a  very 
poisonous  glucoside  resembling  strophanthin  found  in  arrow 
poisons  prepared  from  the  wood  of  an  acokanthera  and  in 
the  wood  itself. 

Picrotoxin  (Picrotoxinum,  B.P.)  is  a  crystalline  bitter 
poisonous  principle  (-TriKpos,  picros,  bitter,  and  to^lkov,  toxicon, 
poison)  occurring  in  Cocculus  Indicus,  the  dried  fruits  of 
Anamirta  paniculata.  Ludwig  regarded  it  as  a  glucoside  ; 
but  its  constitution  is  not  yet  satisfactorily  ascertained. 
Barth  and  Kretschy  state  that  the  so-called  picrotoxin  may 
be  separated  into  picrotoxin  proper  (C15H16Oe,H20),  which  is 
bitter  and  poisonous;  picrotin  (C25H;}0012  +  nH20),  which  is 
bitter  but  not  poisonous  ;  and  anamirtin  (C19H24O10),  which 
is  neither  bitter  nor  poisonous.  Schmidt  asserts  that  the 
original  picrotoxin  is  definite,  and  has  the  formula  C30H34,O)3, 
but  that  some  solvents  decompose  it  into  picrotoxinin, 
C15H1606,  which  is  poisonous,  and  picrotin,  C15H1807,  which 
is  not  poisonous. 

Quassin  (C10H12O8,  Wiggers ;  or  C31H43On,  Christensen), 
obtained  from  Qtcassiai  Lignum,  B.P.,  is  said  to  be  a  gluco- 
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side ;  but  Oliveri  and  Denaro  question  the  statement,  and 
find  quassin  to  have  the  formula  C32H44O10. 

Saffranin,  vide  Index. 

Salicin  (C13H1807).— This  substance  (Salicinum,  B.P.)  is  ' 
contained  in  and  easily  extracted  from  the  bark  of  willow 
and  of  other  species  of  Salix  and  of  Populus.    It  occurs  in 
white,  shining,  bitter  crystals,  soluble  m  twenty-eight  parts 
of  water  or  sixty-five  of  spirit  at  common  temperatures. 

Tests.— 1.  To  a  small  portion  of  salicin  placed  on  a  white 
plate  or  dish,  add  a  drop  of  strong  sulphuric  acid ;  a  deep 
red  colour  is  produced. 

2.  Boil  salicin  with  diluted  sulphuric  acid  for  some  time  ; 
it  is  converted  into  saligenin  or  saligenol  (C7H80n)  and 
glucose.    Test  for  the  latter  by  the  copper  test. 

C13H1807  +  H20  =  C6H4(OH)CH2OH  +  C6H1206 
Salicin.       Water.  Saligenol.  Glucose. 

3  To  another  portion  of  the  liquid,  carefully  neutralized, 
addapersalt  of  iron:  a  purplish-blue  colour  is  sometimes 
produced,  due  to  the  reaction  of  the  saligenin  and  the  ferric 
salt  The  saligenin  is,  however,  so  rapidly  decomposed  by 
acids  intowKretfn  (C7H60)  and  water,  that  this  reaction  is 
almost  valueless  as  a  test.  The  saligenin  may,  however,  be 
obtained  by  action  of  synaptase  on  salicin. 

4  Heat  a  mixture  of  about  1  part  of  salicin,  1  of  red  chro- 
mate  of  potassium,  If  of  sulphuric  acid,  and  20  of  water  m  a 
test-tube  :  a  fragrant  characteristic  odour  is  evolved,  due  to 
t^e  formation  of  salicylic  aldehyde 

tial  oil  identical  with  that  existing  in  meadow-sweet  {Spiraa 
Ulmaria)  and  in  heliotrope. 

CH,OHCH„OH    +    O    =    C6H4OHCOH    +  H20 

°    SaligenS    NaBctnt  oxygen.  Salicylic  aldehyde.  Water. 

Santonin  (C15H1803).-This  substance  i ?,  ^he 
anhydride  or,  rather,  lactone,*  of  a  weak  acid  (Hesse)  in 

*  The  hydroxyacids  losing  water  furnish  ^to^  Ar^c^ 
pounds  conLinh/g  NH2  in  the  ortho  J^»^^d^ 
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soluble  in  ammonia,  but  forming  a  soluble  calcium  salt. 
Indeed,  by  boiling  santonin  for  twelve  hours  with  baryta 
water,  Cannizarro  has  obtained  a  salt  from  which  hydro- 
chloric acid  separates  santonic  acid  (C15H20O4).  From  a 
solution  of  santonate  of  calcium  the  santonin  is  precipitated 
by  acids.  Boiled  for  some  time  with  diluted  sulphuric  acid, 
it  yields  87  per  cent,  of  an  insoluble  resinous  substance 
(santoniretin)  and  glucose  (Kosmann).  Santonin  (San- 
toninicm,  B.P.)  is  official  in  the  British  Pharmacopoeia ;  it 
is  soluble  in  an  aqueous  solution  of  twice  its  weight  of  car- 
bonate of  sodium.  Possibly  (Berthelot)  santonin  resembles 
carbolic  acid, — in  other  words,  is  a  phenol,  C15H1530H.  Its 
glucosidic  character  is  questionable. 

Process. — The  process  for  its  preparation  consists  in  boiling 
santonica  (the  dried  unexpanded  flower-heads  or  capitula  of 
Artemisia  maritima)  with  milk  of  lime  (whereby  santonate 
of  calcium  is  formed),  straining,  precipitating  the  santonin 
or  santonic  acid  by  hydrochloric  acid,  washing  with  ammonia 
to  remove  resin,  dissolving  in  spirit  and  digesting  with 
animal  charcoal  to  get  rid  of  colouring-matter,  setting  the 
spirituous  solution  aside  to  deposit  crystals  of  santonin,  and 
purifying  by  recrystallization  from  spirit  (Mialhe). 

Test. — To  highly  diluted  solution  of  perchloride  of  iron 
add  an  equal  bulk  of  concentrated  sulphuric  acid.  To  this 
reagent  add  the  santonin,  or  powder  or  substance  suspected 
to  be  santonin,  and  cautiously  apply  heat.  A  red,  purple, 
and  finally  violet  colour  is  produced  (Lindo).  Santonin 
added  to  warm  alcoholic  solution  of  potash  yields  a  violet- 
red  colour. 

Saponin  (C32H52017,H20)  is  a  peculiar  glucoside  occurring 
in  Soapwort,  the  root  of  the  common  Pink,  and  many  other 
plants ;  its  solution  in  water,  even  though  very  dilute,  froths 
like  a  solution  of  soap.  Heated  with  dilute  acids  it  yields 
sugar  and  saponetin  C40H66O15  or  sapogenol,  C14H2202  (Hesse). 
Pereira  considered  smilacin  (salseparin  or  parallin),  one  of 
the  principles  of  the  supposed  activity  of  Sarsaparilla  (Sarzai 
Radix,  B.P.),  to  be  closely  allied  to,  if  not  identical  with, 
saponin.  According  to  Klunge  (  "  Pharmacographia  "  ), 
parallin,  by  action  of  acids,  yields  parigenin.  The  aqueous 
solutions  of  parallin  froth  when  shaken.    Von  Schultz  states 
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that  sarsaparilla  contains  three  homologous  glucosides  analo- 
gous to  saponin,  namely,  sarsaparill-saponin  (C20H32O10),  sarsa- 
saponin  (O22H36O10)  and  parallin  (C26H44O10). 

Saponin  is  also  met  with  in  the  root  of  Poly  gala  Senega 
( Senegal  Radix,  B.P.),  though  the  active  principle  of  senega 
is  said  to  reside  in  polygalic  acid,  probably  a  glucosidic  deri- 
vative of  saponin.  . 

Saponin  is  readily  obtained  from  the  bark  of  Quillaja  sapon- 
aria,  or  soap-bark  (Quillaja,  U.S.P.),  by  boiling  the  aqueous 
extract  in  alcohol  and  filtering  while  hot.  Flocks  of  saponin 
separate  on  cooling.    It  is  a  white,  non-crystalline,  friable 

P°Theralleged  toxic  properties  of  commercial  saponin  are 
said  by  Kobert  to  be  due  to  sapotoxin  and  qmllatc  acid. 

Scammonin  (CaAAA-Boil  resin  of  scammony  (&am- 
monice  Resina,  B.P.)  with  diluted  sulphuric  acid  for  some 
time  ;  glucose  may  then  be  detected  in  the  liquid,  a  res  nous 
acid  termed  scammoniol  (GuBl3Os?)  being  produced  at  the 

^SatS'scammony  (Scammonium,  B.P.)  «™d^ 
from  incisions  in  the  ^^camf^t^^^B^ 
Convolvulus  Scammonia.  It  contains  fron l  10  to  20  per  cent, 
of  gum,  and,  therefore,  when  rubbed  up  with  water  gives 
an  emulsion  "  Ether  removes  about  75  per  cent,  of  resin 
(BpT  The  official  resin  of  scammony  contains  no  gum, 
ind  therefore  gives  no  emulsion  when  rubbed  up  with  water. 
It  is  made  by  digesting  the  root  in  spirit,  adding  water,  dis- 
tilHngoff  the  alfohol,  and  washing  the  residual  resin  with 
hot water  till  free  from  gum.  There  seems  to  be  little  oi 
no  chemical  difference  between  the  extracted  resin  and  the 

^tl'oL—TSZZe  in  all  proportions  of .ether. 
SpfrgaTis0  s  "ha/it  is  identical  with  the  ^oiM^u 

guished  by  the  colour-tests  mentioned  under  Guaiacin,  and 
wain  by  faction  of  sul^nrioooid  Reraon 
cPTr  Tjttin.— SchrofF,  and   aiteiwaias,  xvu^  > 
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lie  has  termed  scillipicrin,  scillitoxin,  and  scillin.  Schmiede- 
berg  has  given  the  name  of  sinestrin  to  a  squill  principle. 
But  no  definite  crystalline  principle  has  yet  been  obtained. 
Squill  contains  a  large  quantity  of  mucilage. 

The  bulbous  root  of  Crinum  Asiaticum  is  official  in  the 
Pharmacopoeia  of  India  (Crini  Radix,  P.I.)  as  a  substitute 
for  squill.    It  has  not  been  chemically  investigated. 

Strophanthin  (O2OH34O10;  Arnaud,  C31H48012).— Accord- 
ing to  Fraser,  this  is  the  active  principle  of  strophanthus 
seed  (Strophanthus  hispidus,  var.  KomM)  and  is  a  glucoside. 
He  obtained  it  in  crystals.  Acids  convert  it  into  glucose 
and  crystalline  strophanthidin.  Phosphomolybdic  acid  pro- 
duces in  solutions  of  strophanthin  a  bright  bluish-green 
colour.  Helbing  states  that  its  aqueous  solution  yields,  with 
a  trace  of  solution  of  perchloride  of  iron  and  a  little  strong 
sulphuric  acid,  a  reddish-brown  precipitate  which  after  an 
hour  or  two  turns  green.  Sulphuric  acid  colours  strophan- 
thin dark  green,  changing  to  reddish  brown.  Recent 
researches  indicate  that  strophanthin  is  only  one  of  the 
active  principles  of  the  different  species  of  strophanthus. 
Strophantus  is  official,  Strophanthus,  B.P.,  yielding  Tinctura 
Strophanthi,  B.P. 


QUESTIONS  AND  EXEECISES. 

Define  glucosides,  and  mention  those  of  pharmaceutical  interest. — 
Draw  out  an  equation  illustrative  of  the  development  of  oil  of  bitter 
almonds.— How  much  pure  amygdalin  will  yield  one  grain  of  real  hydro- 
cyanic acid  ? — To  what  does  cherry-laurel  water  owe  its  activity  ? — 
Mention  the  active  principle  of  senna. — By  what  process  is  the  glucoside 
of  the  purple  foxglove  prepared  ? — State  the  circumstances  under  which 
guaiacum-resin  and  jalap-resin  yield  glucose. — Mention  a  test  for  guaia- 
cum-resin. — How  may  the  adulteration  of  jalap-resin  by  rosin  be 
detected  ? — Enumerate  the  tests  for  salicin. — How  is  santonin  officially 
prepared  ? — Name  sources  of  saponin. — What  is  the  difference  between 
scammony  and  resin  of  scammony  ? — How  would  you  detect  resins  of 
turpentine,  guaiacum,  or  jalap,  in  resin  of  scammony  ? 


BITTER  OR  TONIC  SUBSTANCES,  ETC. 

The  following  articles,  employed  medicinally  in  such  forms 
as  Decoction,  Extract,  Infusion,  Tincture,  etc.,  contain  active 
principles  which  have  not  yet  been  thoroughly  examined. 
Some  of  these  principles  have  been  isolated,  and  a  few  have 
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been  obtained  in  the  crystalline  condition  ;  but  their  constitu- 
tion has  not  been  sufficiently  well  made  out  to  admit  of  the 
classification  of  the  bodies  either  among  alkaloids,  glucosides, 
acids,  or  other  well-marked  principles. 


Andrographis  Caules  et 
Radix  P.I.,  from  Andro- 
graphis paniculata,  Kari- 
yat. 

Anthemidis  flores. 

Apocynum.    Canadian  hemp. 

Asclepias  Tuberosa.  Pleu- 
risy root.  (Asclepedin.) 

Aurantii  cortex.  (Hesperidin.) 

Azadirachta;  Cortex  et  Folia, 
P.I.,  from  Azadirachta  In- 
dica,  Nim  or  Margosa.  (A 
resin;  C36H60Ou.  Brough- 
ton.) 

Bonducellce  Semina,  P.I.. 
from  Ccesalpinia  (Guilan- 
dina)  Bonducella.  Bonduc- 
secds  or  nickar-nuts. 

Buchu  folia. 

Calendula  officinalis.  Mari- 
gold. (Calendulin,  Stoltze.) 

Calotropis  Cortex,  P.I.,  from 
Calotropis  procera  and  C. 
gigantea.  Mudar. 

Canellce  cortex.  (Cascarillin, 
C12Hn04.) 

Caulophyllum  Thalictroides. 
Blue  cohosh.    Alkaloid  ? 

Cimicifuga  (Actaia)racemosa 
(Cimicifugin ;  said  by  Co- 
nard  to  be  neutral,  and  by 
Falck  alkaloidal).  Black 
snake  -  root.  {Cimicifuga; 
Rhizoma,  B.P.) 

Cypripedium  pubescens  (Cy- 
pripedin  ?).  Ladies'  Slipper. 

Euonymus  atropurpureus. 
Wahoo-bark.  (Euonymin  ?) 


Euonymi  Cortex,  B.P.,  is 
"  the  dried  root  bark,"  the 
source  of  Extractum  Eu- 
onymi Siccum,  B.P. 

Eupatorium  p  e rfo liatum. 
Thoroughwort  or  Boneset. 

Gtdancha  (Tinosporoe  Radix 
et  Caules,  P.I.) 

Gynocardioz  semina,  from  Gy- 
nocardia  odorata.  (Chaul- 
mugra,  P.I.) 

Hamamelis  Virginica. 
Witch-hazel. 

The  official  portions  are 
Hamamelidis  Cortex,  B.P., 
the  source  of  Tinctura 
Hamamelidis,  B.P.,  and 
Hamamelidis  Folia,  B.P., 
the  source  of  Extractum 
Hamamelidis  Liquidum, 
B.P. 

Ilydrocotyles     Folia,  P.I., 

from  Hydrocotyle  Asiatica. 

Indian  pennywort. 
Iris  versicolor.     Blue  flag. 

(Ividin  or  Irisiu  ?) 
Lactuca.    (Lactucin,  etc.) 

The  milk-juice,  dried,  yields 

Lactucarium,  U.S.P. 
Lappa,     U.S.P.,  Arctium 

Lappa,  Lappa  officinalis. 

Burdock. 
Lupulus. 

Magnolia.  Swamp  sassa- 
fras, or  beaver  tree. 

Marrubium.  Horehound. 
Marrubein,  a  crystalline 
bitter  substance  (Mein). 
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Maticce  Folia.  Matico. 

Melia  Azedarach.  (Resin, 
Jacobs.) 

Pepo.  The  seed  of  Cucurbita 
Pepo.  A  remedy  for  tape- 
worm. 

Phytolacca  Bacca  et  Radix. 
Pokeberry  and  root.  Phy- 
tolaccin,  a  crystalline  sub- 
stance (Claassen). 

Scutellaria.  Skullcap. 

Serpentaria.  Virginia  Snake- 
root. 


Soymidai  Cortex,  P.I.  Rohun 
Bark,  from  Soymida  febri- 
fuga. 

Tar axaci Radix.  (Taraxacin.) 
Toddalim  Radix,  P.I. 
Triticum  repens,  Rhizome  of 

couch-grass. 
Veronica    Virginica,  roots 

and     rhizome.  Culvers 

root ;   Leptandra,  U.S.P. 

(Leptandrin  ?). 
Viburnum.  Black  haw.  (Vi- 

burnin.) 


ALKALOIDS. 

Constitution  of  Alkaloids,  or  Organic  Bases. 

Natural  Alkaloids. — The  natural  organic  bases,  alkaloids, 
or  alkali-like  bodies  (elSos,  eidos,  likeness),  have  many  ana- 
logies with  ammonia.  Their  constitution  as  a  class  is  not 
yet  satisfactorily  known ;  but  some  are  possibly  direct 
derivatives  of  a  single  molecule  of  ammonia  (NH3),  or  of 
double,  triple,  or  quadruple  molecules  (N2H6,  N3H9,  N4H12) ; 
others  of  ammonias  in  which  the  ammoniacal  structure  is 
largely  merged  in  or  conditioned  by  a  benzenoid  or  aromatic 
structure ;  or  vice  versd,  in  which  the  benzenoid  character  is 
conditioned  by  the  ammoniacal ;  while  others  again  certainly 
appear  to  be  benzenoid  but  of  a  more  or  less  nitrogen-benzene 
(pyridinoid)  rather  than  a  completely  carbon-benzene  cha- 
racter— benzene  in  which  CH'"  is  displaced  by  N"'  (p.  613). 

Numerous  artificial  organic  bases,  having  a  simple 
ammoniacal  constitution,  have  already  been  formed.  These 
are  sometimes  termed  amido, — imido, — and  nitrite — bases,  or 
amines,  and  are  primary,  secondary,  and  tertiary  according 
as  one,  two,  or  three  atoms  of  hydrogen  in  ammonia  have 
been  displaced  by  radicals,  as  seen  in  the  following  general 
formulae  (R  =  any  univalent  radical) : — 

R)  R  "J  R) 

H>N  R  >N  R>N; 

h)  n)  rJ 

A.C.  R  R 
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or  in  the  following  examples  : — 

"H    H  C3H5VN  C2H5VN. 

H  )  H  >  C2H5^ 

Ethylamine,  or  Diethylamine,  or  Triethylamine,  or 

ethyUa(CaH,N).  diethylia  (O.H^N).  tnethyba  (C.H„M). 

The  three  classes  have  also  been  termed  amidogen-bases 
(NHo),  imidogen-bases  (NH),  and  nitrile-bases  (N). 

Formation  of  some  of  the  Artificial  Organic  Bases.— A 
few  illustrations  will  suffice.    Just  as  the  addition  ot  iodide 
of  hydrogen  (HI)  to  ammonia  (that  is,  the  common,  tri- 
hydrogen  ammonia,  NH3),  gives  iodide  of  common  ammo- 
nium (NHHHHI  or  NH4I),  so  the  addition  of  iodide  of  ethyl 
(C0H5I  or  EtI)  {see  page  480)  to  wnmonia  (NH3)  gives  tne 
iodide   of    ethyl-ammonium  (NHHHEtl,  or  NH3EtI,  or 
NHoC.HJ).    A  fixed  alkali  turns  out  common  ammonia 
(NHHH)  from  the  iodide  (or  any  other  salt)  of  common 
ammonium ;  it  turns  out  ethyl-ammonia  (NHHEt)  from  the 
iodide  (or  any  other  salt)  of  ethyl-ammonium.  Etnyl- 
ammonia  (or  Jthylia,  or  ethylamine),  NHHEt,  w^Wide 
of  ethyl,  EtI,  gives  iodide  of  diethyl-ammonium  [NHHLUIUI, 
or  NH2Et2I,  'or  NH2(C2H5)2I].    From  the  latter,  no  ash turns 
out  diethyl-ammonia  (NHEt2).    Diethyl-ammonia  {die thyUa 
or  diethylamine)  with  iodide  of  ethyl,  gives  iodide  of  tnethy  - 
ammonium  (NHEt3I).    The  latter  with  alkali  gives  tnethy  - 
ammonia,  or  triethylia,  or  triethylamine  (NEt3),  and  tins 
wTth  iodide  of  ethyl  gives  iodide  of  tetrethyl-ammomum, 

^rhS^^an  stated  respecting  iodide  of  ethyl  is 
true  of  other  salts  of  ethyl;  and  what  is  true  of  aKs 
ethyl  is  true  of  salts  of  an  immense  number  o  :  othei  radicals 
-univalent,  bivalent,  etc.  ;  so  that  a  vast  number  o£ aitiW 
organic  bases  and  their  salts  can  be  produced.  T^^™°»Sf 
art  not  always  so  sharp  as  those  just  given.  M  xture nrf 
primary,  secondary,  and  tertiary  compounds  rathe than 
either  alone,  often  result  in  an  experiment  ;  but  there!^ct^ 
are  typically  true.  Some  of  these  artificial  bases  not  only 
resemble  natural  alkaloids,  but  are  strong  caustic  liquids,  like 

90  Then  °tfhaeTspTadng  radical  in  an  arti ficial  alkaloid  or  its 
SfpK  oTatom  of  hydrogen  is  keeping  its  place,  any 


ALKALOIDS. 


611 


of  the  many  known  radicals  may  occupy  the  position  of  one 
or  all  of  the  other  atoms  of  hydrogen.  Thus,  for  example,  we 
have  methyl-ethyl-amylamine  (C8H19N,  or  NCH3C2H5C5Hn, 
or  NMeEtAy),  a  colourless,  oily  body,  of  agreeable  aromatic 
odour.  The  empirical  formulae  of  the  vegeto-alkaloids 
morphine,  quinine,  etc.,  may  some  day  be  similarly  resolvable 
into  rational  formulae,  either  simply  ammoniacal,  benzenoid  or 
pyridinoid.  Their  artificial  production  will  then  quickly 
follow.   In  a  few  cases  this  has  already  been  accomplished. 

Analogues  of  Amines. — From  the  analogy  of  phosphorus, 
arsenium  and  antimony  to  nitrogen,  there  exist,  as  might  be 
expected,  phosphines,  arsines,  and  stibines  ;  bases  resembling 
amines,  but  containing  the  respective  elements  (P,As,Sb)  in 
place  of  the  nitrogen  (N)  of  the  amines. 

Methylamine  (CHSHHN)  and  trimethylamine  (CH3)3N,  are 
artificial  ammoniacal  alkaloids.  The  former  was  found  by 
Schmidt,  in  Mercurialis  annua  and  M.  perennis,  and  pre- 
viously by  Reichardt,  who  termed  it  mercurialine.  Trime- 
thylamine is  also  produced  in  large  quantities  in  the  dry 
distillation  of  the  evaporated  residue  of  the  spent  wash 
produced  in  beetroot  spirit  distilleries. 

Propylamine,  or  tritylia  (O3II7HHN),  is  a  volatile  oil,  one 
product  of  the  destructive  distillation  of  bones  and  other 
animal  matters. 

The  organic  bases  derived  from  one  molecule  of  ammonia 
are  termed  monamines ;  from  two  molecules,  diamines  ;  from 
three,  triamines  ;  and  from  four,  tetramines  : — 


B)  Bj)  Bj)  R4? 

R)  Ro)  R3)  Rt) 


In  these  amines,  any  bivalent,  trivalent,  or  quadrivalent 
radical  may  occupy  the  place  of  two,  three,  or  four  univalent 
radicals  (R).  The  diethylene-diamine  is  used  medicinally 
under  the  name  piperazine  ;  its  constitution  is  that  of  piper- 
idine  {vide  Index),  in  which  NH  displaces  CH2. 

Wurtz  first  obtained  methylamine  and  ethylamine  in 
1849;  Hofmann,  in  1850  and  subsequently,  added  enormously 
to  our  knowledge  of  the  secondary,  tertiary,  and  other  amines, 
and  of  the  directly  ammoniacal  type  of  bodies  generally. 
Kekule  linked  on  the  aromatic  or  benzene  type  in  1865. 
Dewar  and  Korner  almost  simultaneously,  in  1870,  demon- 
strated the  benzenoid  character  of  pyridine  and  quinoline 
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(see  next  paragraph),  while  no  one  has  since  been  more  active 
in  alkaloidal  research  than  Ladenburg.  _ 

Vegetal  Alkaloids. -These  are  of  great  importance  to  the 
medical  and  pharmaceutical  student.  They  are  treated  in 
considerable  detail  in  the  succeeding  pages. 

InZal  Alkaloids.-Mznj  well-known  alkaloids  occur  m 
the  iuice  of  the  flesh,  and  in  other  parts  of  animals  Ordinal  y 
extract  of  meat  contains  abundance  of  crystals  of  creatine, 
0  5  N,0,  and  some  creatinine,  C4H7N30.     Creatine  easily 
Sf  with  the  elements  of  water  and  yields  creatinine ; 
r  alJs  up  the  elements  of  water  and  yields  sarkosine 
P  TT  NO   and  urea  CH4N20.    Sarkosine  is  methyl-glycocoll. 
SS'^K,  m^  be  obtained  from  bile;  and  it  can 
tSru  ted  artificially  from  its  elements.    Some  animal 
tissues  as  of  the  spleen,  brain,  and  pancreas,  yield,  as  a 
pSt  S  work,  iJine,  C6H13N02,  which 
™arlv  crystals:  also  tyrosine,  C9HnN03.    fcrautier  recently 
&dY  several  new"  alkaloids  from    ajb=ds,  and 
hence  termed  them  leucomaines ^^n^ 
nfw^  namely,  xanthocreatimne,  C5H10N4O,  c™s°crea"™V^> 
C^%  ZZhicreatinine,  C9H19N704,  and  pseudoxanthine, 
rW 0      £  leucomaines  and  the    animal  alkaloids 

SSS  are  of  ^  ^T^^T^ 
the   leucomaines    are    toxic    ana   ^       ^    odo  another. 

P^Se^  -any.  of  them  toxic 

^  Fl3pKncl»  MSSLS? 5^ 

^a,  ptowa,  » h  occur  in  life,  poison- 

importance,  but,  masmuc  *™  J  ^  especially  dia- 
ing  the  bipod  during  the  |£g«^        £  mic'ro-organisms  or 

ease  :zct:L r^»Sf(^.  ^  ferr nt)'  ithey 

microbes,  that  is  zJm.U[j,  -^.eat—indeed,  physiological  m- 
have  great  pathological  inteie  t     ^e  ^s/ems  *    lay  a 

terest  also,  for  one  of  a  »  ^  of  some  0f  these 
part  in  the  process  of  ^g°^dT^S °(C5H14N2),  from 

fes^—  tiK^Uo  animals  pro- 
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duced  symptoms  resembling  those  of  tetanus  in  man,  from 
beef  putrified  by  the  agency  of  the  microbe  which  is  associ- 
ated with  the  cause  of  traumatic  tetanus,  so  distressing  to 
the  human  subject.  Tyrotoxicon  was  the  name  given  by 
Vaughan  to  a  toxic  ptomaine  he  isolated  from  poisonous 
cheese  (-rvpos,  turos,  cheese ;  to£lk6v,  toxicon,  poison),  after- 
wards from  poisonous  milk  and  cream,  which,  taken  as  food, 
had  caused  more  or  less  vomiting,  headache,  and  diarrhoea. 
He  afterwards  recognised  it  as  diazobenzene  hydrate,  C6H5" 
N:N-OH.  Brieger  states  that  when  shell-fish  is  poisonous 
it  is  due  to  the  presence  of  a  ptomaine  he  has  named  mytil- 
oxine,  C6H15N02.  Para-  and  meta-phenylene-diamine  appear 
to  have  all  the  characters  of  leucomaines  or  ptomaines,  the 
latter  causing  intense  influenza. 

Evidence  of  Constitution  of  the  Natural  Alkaloids.— 
Attempts  to  form  artificially  the  more  important  natural 
organic  bases  commonly  used  in  medicine  have  hitherto 
failed.  Many  artificial  colorific  alkaloids  of  the  amidoben- 
zene  (aniline  or  phenylamine)  type,  and  of  a  curious  double 
nitrogen  type  (azo-  or,  rather,  diazo-type  ;  see  the  non-color- 
ific diazobenzene,  as  above),  have  been  obtained.  But  the 
type  of  the  natural  medicinal  alkaloids  seems  rather  to  be 
found  in  pyridine,  C5H5N.  Pyridine  is  producible  in  vari- 
ous ways,  but  is  contained  in  bone-oil  (from  the  distillation 
of  bones— whence,  also,  pyrrol,  C4H5N,  and  thence  iodo- 
pyrrol,  or  iodol,  C4I4HN,  a  rival  of  iodoform),  together  with 
the  homologues  picoline,  CgH^N  (or  methyl-pyridme,  ortho-, 
ineta-,  or  para-) ;  lutidine,  C7H9N ;  and  collidine,  C8HnN ; 
forming  an  homologous  series  of  pyridine  bases,  GJl2n-5^- 


H 

C  N 

//\  #-\  ' 

fC6H5           HC       C-NH2  HC  CH 

N  5    H    or          |        ||  II 

(  H             HC       CH  HC  CH 

C  C 
H  H 
Phenylamine  or  amido-benzene.  Pyridine. 


From  quinine,  cinchonine,  and  strychnine,  by  the  disrup- 
tive action  of  caustic  alkalies,  not  only  pyridine  and  homo- 
logues, but  quinoline  or  chinoline,  C9H7N,  have  been  obtained ; 
hence  pyridine  and  quinoline  would  seem  to  contribute  to 
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the  construction  of  those  and  similar  alkaloids.  Quinoline 
can  be  made  in  various  other  ways,  especially  (Skraup)  from 
nitrobenzene,  aniline  and  glycerine.  Quinoline  is  closely 
related  both  to  benzene  and  to  pyridine  (see  the  following 
formula).  Its  relation  to  naphthalene  (two  carbon-conjoined 
benzene  residues)  is  the  relation  of  pyridine  to  benzene. 


H  H 

C  C 

//\  /% 
HO       C  CH 

I        II  I 
HC       C  CH 

W  \// 

c  c 

H  H 

Naphthalene. 


a  a 
/\/\ 

p\y\yp 

a  a. 
Alpha  and  beta  positions. 


H 

C  N 

//\  /% 
HC      C  CH 

HC       G  CH 

w  \# 

G  G 
H  H 

Quinoline. 


Both  pyridine  and  quinoline  form  additive  compounds 
with  hydrogen  (see  Piperidine  in  Index).  _ 

Bv  adding  six  atoms  of  hydrogen  to  pyridine,  piperidine 
is  obtained,  and  conine,  the  alkaloid  of  hemlock,  is  piperidine 
with  propvl  (C3H,)  replacing  one  of  the  hydrogen  atoms.  It 
has  been  formed  artificially  by  Ladenburg  from  picolme  (see 
also  ecgonine,  tropine,  etc.).  . 

Chemists,  in  the  hope,  doubtless,  of  discovering  how  to 
produce  the  valuable  medicinal  alkaloids  artificially,  have 
obtained  several  alkaloidal  derivatives  of  quinoline.  Une, 
kairine,  somewhat  resembles  quinine.  . 

Again,  alkaloids  yield  organic  acids,  and  organic  acids- 
notably  those  occurring  in  the  nicotine-yielding  and  mor- 
phine-yielding plants- may  be  converted  into  pyridine  com- 
pounds when  the  constituents  of  their  molecules  are  inter- 
woven with  those  of  ammonia. 

A  careful  consideration  of  the  above  and  allied  tacts 
irresistibly  leads  to  the  inference  that  we  are  at  last  a  mos 
''within  measurable  distance"  of  the  artificial  production  of 
most  of  the  natural  alkaloids.  This  is  a  subject  of  financial 
ami  general  commercial  weight;  of  considerable  techno- 
logical, including  pharmaceutical,  importance ;  of  very  great 
medical  consequence,  especially  taken  in  connec  lon^ w£h 
i?s  ramifications  ;  and  of  transcendent  interest  as  illustrating 
the  wking  of  the  forces  of  Nature  within  the  molecules  of 

m&Vegeto-animal  alkaloids. -Choline,  C6H15N02,  occurs  in 
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the  bile  and  the  brain,  also  in  ergot  and  ipecacuanha,  hops, 
areca  nut,  cotton-seed  cake,  Scopola  Japonica,  etc.  Guanine, 
C5H5N50,  and  Sarkine,  C5H4N40,  are  found  in  flesh  and 
in  young  plane  leaves.  Fresh  meat  furnishes  Carnine, 
C7H8N463 ;  and  Betaine,  CbE.u~$02,  is  found  in  beetroot, 
cotton-seed  cake,  and  in  urine.  _ 

Hydroxylamine  —  Besides  the  amide,  imide,  and  nitrile 
bases  already  mentioned,  ammonia  may  have  one  atom  of  its 
hydrogen  displaced  by  hydroxyl,  hydroxylamine  (NH2OH) 
resulting.  It  is  often  formed  when  nascent  hydrogen  acts 
on  an  oxide  of  nitrogen,  as  when  zinc,  diluted  sulphuric  acid, 
and  a  little  nitric  acid  are  brought  together.  It  yields  sub- 
stitution products,  as  ethylhydroxylamine  (NHC2H6OH), 
and  additive  compounds,  as  hydrochlorate  of  hydroxylamine 
(NH2OH,HCl)  :- 


Hydroxylamine  and  aldehydes  yield  aldoximes.  Hydroxy- 
lamine and  acetones  yield  acetoximes.  {Vide  Manuals,  not 
limited  to  the  requirements  of  medical  and  pharmaceutical 
students.) 

Hydrazine,  H2N— NH2.  Diethylamine,  by  action  of 
nitrous  acid,  yields  a  nitroso  derivative  which,  on  reduction, 
furnishes  what  apparently  is  a  diamidic  compound — diethyl- 
hydrazine  (CaH6)2N— NH2.  Hydrous  hydrazine  has  the  for- 
mula H2N— NH2,H30.  Hydrazine  itself  cannot  very  easily  be 
isolated.  Its  salts  with  ordinary  acids  are  generally  crystal- 
line, and  isomorphous  with  corresponding  ammonium  salts. 
Acidified,  they  have  very  powerful  reducing  properties,  and 
act  as  strong  poisons  towards  the  lower  organisms. 

Azoimide  or  imidazole  acid,  HN3,  is  a  body  closely  re- 
sembling the  haloid  acids,  and  was  originally  prepared  by 
Curtius  from  hydrazine  and  ethyl  hippurate ;  it  may,  how- 
ever, be  prepared  more  easily  by  a  method  proposed  hy 
Wislicenus,  in  which  sodamide  NaNH2,  prepared  by  passing 
NH3  over  melted  sodium,  is  heated  with  nitrous  oxide. 

Note  on  Nomenclature  of  Natural  Alkaloids.— The  first 
syllables  of  the  names  of  the  natural  alkaloids  recall  the 
name  of  the  plant  whence  they  were  obtained,  or  some  char- 
acteristic property.  It  is  to  be  regretted  that  the  last  syllable 


Hydroxyl- 
amine. 


Ethyl-  Hydrochlorate  of 

hydroxylamine.  hydroxylamine. 
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is  not  either  ine  or  ia,  instead  of  sometimes  one  and  some- 
times the  other.  The  termination  in  ia  distinguishes  the 
alkaloids  from  some  other  substances  the  names  of  which  end 
in  ine,  as  chlorine,  bromine,  iodine,  fluorine,  glycerine,  gela- 
tine, etc.,  but  traders  generally,  and  the  compilers  of  the 
American,  British,  French,  and  German  Pharmacopoeias  adopt 
the  termination  in  ine.  The  .names  of  the  salts  of  the  alka- 
loids are  given  on  the  assumption  that  the  acid  unites  with 
the  alkaloid  without  decomposition.  Thus  hydrochlorate 
(sometimes  termed  "  hydrochloride  ")  of  morphine  is  regarded 
as  morphine  with  added  hydrochloric  acid;  as  we  might 
assume  sal-ammoniac  to  be  ammonia  (NH3)  with  hydro- 
chloric acid  (HOI),  and  name  it  hydrochlorate  of  ammonia 
(NH3HCI),  instead  of  chloride  of  ammonium  (NH4C1).  All 
acids,  even  sulphydric,  unite  with  alkaloids  and  form  additive 
salts  having  similar  names.  . 

Antidotes.— In  cases  of  poisoning  by  alkaloids,  emetics  and 
the  stomach-pump  must  be  relied  on  rather  than  chemical 
agents.  But  astringent  liquids  may  be  administered,  for 
tannic  acid  precipitates  many  of  the  alkaloids  from  their 
aqueous  solution,  absorption  of  the  poison  being  thus  possibly 
retarded. 


MORPHINE  AND  OTHER  OPIUM  ALKALOIDS. 

Formula  of  Morphine;  C17H19N03,H30.  Molecular  weight,  303. 

Occurrence.— Morphine,  or  morphia,  occurs  in  opium  (the 
inspissated  juice  of  the  fruit,  termed  the  capsule,  of  the 
White  Poppy,  Papaver  somniferum)  asmeconate  oi  morphine 

[(C17H19N03)2,  C7H40,  5H2°  i  DottJ<  and  as  s^ha^ 
dried  poppy-capsule  of  pharmacy  (Papavens  Capsular,  B.P.) 
contains  opium  principles,  but  varying  much  in  nature  and 
proportion  :  the  presence  of  morphine,  narcotme  and  meconic 
acid  have  been  demonstrated  ;  and,  by  Groves,  of  codeine  and 
narceine.  Ordinary  Asia-Minor  opium  (Turkey,  Smyrna,  01 
Constantinople  opium)  contains,  when  dried,  from  1U  to  10 
pC  cent,  of  morphine.  The  British  Pharmacopoeia  directs 
that  opium  used  for  officially  recognised  purposes,  other  than 
the  manufacture  of  alkaloids,  or  of  extract  of  opium  of  official 
streS  must  contain  not  less  than  9-6,  and  not  more  than 
10  5  pei  cent,  of  morphine,  when  the  opium  is  quantitatively 
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analysed  (vide  Index)  by  the  official  method  or  by  any  trust- 
worthy method  of  that  date  (1885). 

Process  for  Hydrochlorate. — The  hydrochlorate,  017HigN03, 
HC1,  3H20  {Morphines  Hydrochloras,  B.P.),  occurs  in  slender 
white  acicular  crystals;  it  is  prepared  by  simply  decom- 
posing an  aqueous  infusion  of  opium  with  chloride  of  calcium, 
meconate  of  calcium  and  hydrochlorate  of  morphine  being 
produced.  (If  the  infusion,  which  is  always  acid,  be  first 
nearly  neutralized  by  the  cautious  addition  of  small  quan- 
tities of  a  very  dilute  solution  of  ammonia,  the  chloride  of 
calcium  then  at  once  causes  a  precipitate  of  meconate  of 
calcium,  which  can  be  filtered  off,  leaving  a  coloured  solution 
of  hydrochlorate  of  morphine.  On  the  large  scale — vide 
B.P.— the  details  are  somewhat  different.)  The  salt  is  par- 
tially purified  by  crystallization  from  the  evaporated  liquid, 
then  by  treatment  of  the  solution  of  the  impure  hydrochlo- 
rate by  animal  charcoal,  and  lastly  by  precipitation  of  the 
morphine  from  the  still  coloured  liquid  by  ammonia  and 
re-solution  of  the  morphine  in  hot  dilute  hydrochloric  acid ; 
hydrochlorate  of  morphine  separates  out  on  cooling. 

Hydrochlorate  of  morphine  deposited  from  a  hot  solution 
in  about  twenty  times  its  weight  of  alcohol  is  anhydrous. 

Morphine  may  also,  of  course,  be  prepared  by  the  methods 
given  for  the  assay  of  opium.    (See  Index.) 

Process  for  Acetate. — Acetate  of  morphine  (C17H19N03, 
C2H402,  3H20  (Morphince  Acetas,  B.P.),  a  white  pulverulent 
salt,  is  prepared  by  dissolving  morphine  in  acetic  acid,  the 
morphine  being  obtained  from  a  solution  of  the  hydrochlo- 
rate by  precipitation  with  ammonia,  or  direct  from  opium. 
Fifteen  parts  of  hydrochlorate  yield,  theoretically,  sixteen  of 
acetate.  One  grain  of  acetate  in  ten  minims  of  water  forms 
the  Injectio  Morphince  Hypodermica,  B.P. 

Both  the  hydrochlorate  and  acetate  of  morphine  are  soluble 
in  water,  but  the  solution  is  not  stable  unless  acidulated  and 
containing  alcohol ;  hence  the  official  solutions,  1  per  cent. 
(Liquor  Morphince  Hydrochloratis,  B.P.,  and  Liquor  Mor- 
phince Acetatis,  B.P.),  consist  of  three  parts  water  and  one 
part  rectified  spirit,  a  few  minims  per  ounce  of  hydrochloric 
or  acetic  acid  being  added.    Even  solid  acetate  of  morphine 


618  ORGANIC  CHEMISTRY. 

is  unstable,  slowly  dissociating  into  acetic  acid  and  morphine ; 
hence  the  acid  odour  of  acetate  of  morphine ;  hence,  too,  the 
necessity,  when  a  solution  of  acetate  of  morphine  of  perfectly 
definite  strength  is  required,  of  preparing  it  from  a  weighed 
quantity  of  hydrochlorate,  or  of  pure  crystalline  morphine. 
Other  preparations  official  in  the  British  Pharmacopoeia  are 
Suppositoria  Morphince.,  Trochisci  Morphince,  Trochisci  Mor- 
phince  et  Ipecacuanha},  and  Liquor  Morphince  Bimeconatis. 
The  latter  is  made  by  dissolving  morphine  in  a  diluted  spirit- 
uous solution  of  meconic  acid.  It  contains  about  1£  per  cent, 
of  the  so-called  bimeconate  of  morphine  (C17H19N03C7H407  ?), 
and,  so  far,  resembles  tincture  of  opium.  _ 

Process  for  Sulphate.— Sulphate  of  morphine  (C17H19JNU3)2 
HjSO^HjO  {Morphince  Sulphas,  B.P.)  is  prepared  by  neutra- 
lizing precipitated  morphine  with  diluted  sulphuric  acid.  It 
occurs  in  white  silky  crystals,  not  very  soluble  m  water  A 
one  per  cent,  solution  in  weak  spirit  forms  the  Liquor  Mor- 
phince Sulphatis,  B.P. 

Solubility  of  morphine  salts  in  water  at  6U  h .— Accora- 
ing  to  Dott,  1  part  of  the  respective  salts  is  soluble  m  the 
annexed  numbers  of  parts  of  water  -.—acetate,  2j  ;  tartrate, 
9| ;  sulphate,  23  ;  hydrochlorate,  24 ;  meconate ,  34 

Tartrate  of  Morphine  has  the  formula  (U17±i19lNU3)2, 
C  H  0   3H  0 

4CoDEiNE,3or"  Codeia  (C18H31N03,  H20),  is  another  officially 
recognised  alkaloid  of  opium  (Codeina,  B  P.).  It  is  soluble 
in  the  slight  excess  of  ammonia  employed  in  the  foregoing 
process  for  the  separation  of  morphine.  It  is  obtained  by 
evaporating  the  ammoniacal  liquors,  "  treating  the  residue 
with  water,  precipitating  with  caustic  potash  and  purifying 
the  precipitated  alkaloid  by  recrystallization  from  ether.  It 
occurs  in  colourless  or  nearly  colourless  octahedral  crystals , 
soluble  in  eighty  parts  of  water  and  of  solution  of  ammonia, 

eadily  soluble  inspirit  and  in  diluted  acids.  The  aqueous 
solution  has  a  bitter  taste  and  an  alkaline  react  ion. .The 
alkaloid  dissolves  in  sulphuric  acid  forming  a  colourless 
solution  which,  when  gently  warmed  with  molybdate  of 

mmoninm  or  a' trace  of  gp«4rid.  of  ta,  —  a  deep 
blue  colour.  Moistened  with  strong  nitric  acid,  it ^  becomes 
vellow  but  not  red.  Ignited  in  air,  it  yields  no  ash.  It 
ledZs  I  solution  of  one  part  of  selenite  of  ammonium  in 
Jwenty  of  strong  sulphuric  acid,  yielding  a  green  colom 
(Lafon).    See  also  page  621. 
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Other  alkaloids  exist  in  opium.  In  the  above  process  for 
morphine  a  considerable  quantity  of  an  alkaloid  of  very 
weak  basic  properties,  narcotine,  (C22H23N07),  or  C19H.14 
(CH3)3N07  (Narcotina,  P.I.),  remains  in  the  exhausted 
opium,  and  may  be  extracted  by  digesting  in  acetic  acid, 
filtering,  and  precipitating  by  ammonia.  It  crystallizes  in 
brilliant  needles  from  alcohol  or  ether.  The  formula  of  its 
hydrochlorate  is  C22H23N07,HC1,H20.  By  oxidation  it  yields 
cotarnine  and  an  acid  termed  opianic.  From  the  mother- 
liquors  there  have  also  been  obtained  thebaine  (C19H2jN03), 
papaverine  (C21H21N04,  Hesse  ;  C20H21NO4,  Merck),  opianine 
(C21H2lN07  ?),  "narceine  (C23H29N09),  cryptopine  (C2VH23N05), 
meconin  (C10H10O4),  meconoisin  (CgH^Og),  laudanine 
(O20H25NO4),  corfamzne(0?nH25N04),^720scopme(C34H:wN2011), 
pseudomorphine  (C17H]8N03),  protopine  (C20H]9N05),  laud- 
anosine  (C21H27N04),  hydrocotarnine  (C20H19NO6),  rhceadinc 
(C23H21N06),  meconidine(G„lH2iNOi),  lanthopine  (C23H26N04). 

A.  little  acetic  acid  also  exists  in  all  opium  (D.  Brown). 

Analytical  Reactions. 

First  Analytical  Reaction.— To  a  minute  fragment  of  a 
salt  of  morphine  add  one  drop  of  water,  and  warm  the  mix- 
ture until  the  salt  dissolves,  then  stir  the  liquid  with  a  glass 
rod  moistened  by  a  strong  neutral  solution  of  perchloride  of 
iron  ;  a  dirty-blue  colour  is  produced. 

Even  in  dilute  solutions  morphine  reduces  ferricyaxiide  of 
potassium  to  ferrocyanide,  hence  may  be  detected  by  the 
blue  precipitate  (Prussian  blue)  produced  on  the  addition 
of  ferric  chloride  and  ferricyanide.  Other  substances,  but 
no  other  official  alkaloids,  give  this  reaction. 

Second  Analytical  Reaction. — To  a  drop  or  two  of  a  strong- 
solution  of  a  morphine  salt  in  a  test-tube  add  a  minute  frag- 
ment of  iodic  acid  (HI03,  page  346);  iodine  is  set  free. 
Into  the  upper  part  of  the  tube  insert  a  glass  rod  covered 
with  mucilage  of  starch,  and  warm  the  solution  ;  dark-blue 
"starch  iodide"  is  produced.  If  the  mixture  of  morphine  and 
iodic  acid  be  shaken  up  with  chloroform  or  bisulphide  of 
carbon,  a  violet  solution  is  obtained.    This  reaction  is  only 
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confirmatory  of  others,  as  albuminous  matters  also  reduce 
iodic  acid. 

Third  Analytical  Reaction— To  a  few  drops  of  an  aqueous 
infusion  of  opium  add  a  drop  of  neutral  solution  of  ferric 
chloride  ;  a  red  solution  of  the  meconate  of  iron  is  produced. 
Add  solution  of  corrosive  sublimate;  the  colour  is  not  de- 
stroyed (as  it  is  in  the  case  of  sulphocyanate  of  iron,  a  salt 
of  similar  tint).  In  cases  of  poisoning  by  a  preparation  of 
opium,  this  test  is  almost  as  conclusive  as  a  direct  reaction 
of  morphine  (the  poison  itself),  meconic  acid  being  obtain- 
able from  opium  only. 

Other  Reactions.— Add  carbonate  of  sodium  to  a  solution  of 
a  salt  of  morphine ;  a  white  precipitate  of  morphine  falls, 
slowly  and  of  a  crystalline  character  if  the  solution  is  dilute. 
Collect  this  precipitate  and  moisten  it  with  neutral  solution 
of  perchloride  of  iron ;  the  bluish  tint  above  referred  to  is 

produced.  Add  an  alkali  to  a  solution  of  hydrochlorate  or 

acetate  of  the  alkaloid  ;  morphine  is  precipitated,  soluble  m 

excess  of  the  fixed  alkali,  far  less  readily  so  in  ammonia.  

Moisten  a  particle  of  a  morphine  salt  with  nitric  acid;  an 
orange-red  coloration  is  produced.  Warm  a  little  morphine 
with  strong  sulphuric  acid  and  arseniate  of  sodium,  blue- 
green  tinges  result.  To  morphine  add  strong  sulphuric 

acid  mix,  and  strew  nitrate  of  bismuth  on  the  fluid ;  the 

mixture  turns  dark  brown  or  black.  Heat  morphine  on 

platinum  foil ;  it  barns  entirely  away. 

Apomorphine  (C17H17N02). 

Apomorphine  (d™,  apo,  from,  and  morphine) l  is i  an  .alkaloid 
obtained  from  morphine  by  Matthiessen  and  Wright.  It 
poss  sses  remarkable  physiological  effects  ;  one-tenth  of  a 
Sain  (in  aqueous  solution)  injected  under  the  skm  or ^ 
quarter  of  a  grain  taken  into  the  stomach,  produces  vomiting 
in  from  four  to  ten  minutes.  ...       .  , 

Process  -Hydrochlorate  of  morphine  is  hermetically  sealed 
in  a  thick  tube  with  considerable  excess  of  hydrochloric  acid, 
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and  heated  to  nearly  300°  F.  for  two  or  three  hours.  The 
product  is  purified  by  diluting  the  contents  of  the  tube  with 
water,  precipitating  with  bicarbonate  of  sodium,  and  treating 

the  precipitate  with  ether  or  chloroform.  On  shaking 

up  the  ethereal  or  chloroform  solution  with  a  very  small 
quantity  of  strong  hydrochloric  acid,  the  sides  of  the  vessel 
become  covered  with  crystals  of  the  hydrochlorate  of  the 
new  base  (Apomorphince  ttjdrochloras,  B.P.).  These  may  be 
drained  from  the  mother-liquor,  washed  with  a  little  cold 
water,  in  which  the  salt  is  sparingly  soluble,  recrystallized 
from  hot  water,  and  dried  on  bibulous  paper  or  over  sulphu- 
ric acid.  The  formula  (017H17N02HC1)  indicates  that  the 
new  alkaloid  is  derived  from  morphine  by  abstraction  of  the 
elements  of  water.  "  From  solutions,  bicarbonate  of  sodium 
throws  down  a  precipitate  which  becomes  green  on  standing 
and  then  forms  a  purple  solution  with  ether,  violet  with 
chloroform,  and  bluish  green  with  alcohol.  With  dilute 
solution  of  perchloride  of  iron  it  gives  a  deep  red  and  with 
nitric  acid  a  blood-red  coloration."  Two  grains  of  the 
hydrochlorate  dissolved  in  100  minims  of  camphor-water 
constitute  the  Injectio  Apomorphince  Hypodermica,  B.P. 

Codeine,  also,  according  to  the  same  chemists,  yields 
apomorphine  by  similar  treatment,  a  reaction  that  would  seem 
to  indicate  that  codeine  is  methyl-morphine  ;  indeed,  Grimaux 
(Hesse  also)  has  since  obtained  codeine— or,  possibly,  an  iso- 
mer of  codeine,  methyl-morphine — from  morphine.  Codeine 
may  also  be  obtained  by  heating  a  sodium  compound  of  mor- 
phine, C17H18NaN03,  with  iodide  of  methyl,  CH3I  ;  iodide 
of  sodium  and  methyl-morphine  or  codeine  result.^ 

Codeine  neither  gives  a  blue  colour  with  ferric  chloride 
nor  a  red  with  nitric  acid.  Both  codeine  and  morphine 
when  heated  with  a  mixture  of  strong  sulphuric  acid  and 
arseniate  of  sodium  give  a  blue  colour,  the  morphine  yielding 
a  greenish  blue  and  the  codeine  a  violet  blue. 

Constitution  of  the  opium  alkaloids—  The  opium  alkaloids, 
like  the  cinchona  alkaloids,  have  been  attacked  by  many 
highly  skilled  chemists  in  the  hope  that  analytical  or,  in  a 
sense,  destructive  investigation  would  lead  to' synthetical  or 
constructive  knowledge  ;  and  many  interesting  and  promis- 
ing results  have  been  obtained.  But  the  subject  is  not  yet 
sufficiently  advanced  for  presentation  before  the  younger 
students  of  medicine  or  pharmacy. 
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QUESTIONS  AND  EXERCISES. 

Write  some  general  formulae  of  artificial  alkaloids. — Name  the  sub- 
stances represented  by  the  following  formulas : — 

C3H7)  C3H7)  CH3  )         CH3)         CH3)  CH3) 

H  [  N,  C  H  N,  C2H5  N,  H  N,  CH3  N,  CH3  [  N 
H  \  H    i         C5HU  )  H  \  H)  CH3) 

What  is  the  assumed  constitution  of  the  salts  of  the  alkaloids  ?— De- 
scribe the  treatment  in  cases  of  poisoning  by  alkaloids.— Give  the 
official  process  for  the  preparation  of  hydrochlorate  of  morphine.  In  what 
form  does  morphine  occur  in  opium? — How  is  acetate  of  morphine  pre- 
pared ?— What  plan  is  adopted  for  preventing  the  decomposition  of  the 
official  solutions  of  morphine  ?— Mention  the  analytical  reactions  of  mor- 
phine.—In  addition  to  the  reactions  of  morphine,  what  test  may  be  em- 
ployed in  searching  for  opium  in  a  liquid  or  semi-fluid  material  ?— How 
is  apomorphine  prepared  ?  and  what  are  its  properties  ?— Describe  the 
relation  of  morphine  to  codeine. 


QUININE  AND  OTHER  CINCHONA  ALKALOIDS. 

Formula  of  Quinine  ;  C20H24N2O2,3H2O.  Molecular-weight,  378. 

Source.— Quinine  and  other  alkaloids  exist  in  the  varieties 
of  cinchona  bark  as  kinates,  or  rather,  quinates*  In  the 
British  Pharmacopoeia  cinchona  bark  is  defined  as  "  the  dried 
bark  of  Cinchona  Calisaya,  Weddell  ;  Cinchona  officinalis, 
Linn.;  Cinchona  succirubra,  Pavon ;  Cinchona  lancifolia, 
Mutis;  and  other  species  of  Cinchona  from  which  the  peculiar 
alkaloids  of  the  bark  may  be  obtained."  The  official  galenical 
preparations  are  made  with  the  Succirubra  or  Red  Cinchona 
Bark  {Cinchona}  Rubral  Cortex,  B.P.).  Quinine,  quinidme, 
and  cinchonine  also  occur,  together  with  cupreine,  m  the  bark 
of  various  species  of  ftemijia,  known  as  Cuprea  bark. 

Extraction  of  the  Mixed  Alkaloids.— Mx  about  two  ounces 
of  powdered  bark  with  a  quarter  of  its  weight  of  lime  and 
a  little  water,  and  extract  with  benzoated  amylic  alcohol. 
(For  a  description  of  this  operation,  see  "Quinine,  quan- 
titative estimation  of,"  in  the  Index.)    Shake  the  product 

*  Quinic  acid,  C7H1206,  occurs  in  cinchona,  coffee  holly,  ivy,  oak,  elm, 
etc  Heated  it  yiekfs  lntdroquinone,  C„H4(OH)2.  Oxid.zed  it  gives  qumone 
C6H40.!  which  is  probably  a  di-ketone,  C4H4(CO)2,  d.carbonyl  benzene,  or 
C„H2<£°>C2H,    The  homologues  of  benzene  yield  other  "  quinones." 
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in  a  separating  funnel,  with  an  ounce  of  water  acidulated 
with  sulphuric  or  hydrochloric  acid.  Draw  off  the  aqueous 
liquid,  which  will  contain  the  alkaloids  as  acid  salts,  and 
add  to  it  a  slight  excess  of  ammonia.  Collect  the  precipitated 
alkaloids  on  a  filter,  wash,  and  dry  in  the  air  or  over  a  dish 
of  sulphuric  acid  covered  by  a  bell-glass.  For  the  separation 
of  alkaloids,  see  Index,  "De  Vrij's  process";  an  operation 
which  should  not  be  attempted  at  this  stage  of  study. 

Process  for  Sulphate  of  Quinine—  Sulphate  of  quinine 
{Quinince  Sulphas,  B.P.)  is  prepared  by  treating  the  yellow 
bark  with  diluted  hydrochloric  acid,  precipitating  the  re- 
sulting solution  of  hydrochlorate  of  quinine  by  soda,  and 
redissolving  the  precipitated  quinine  in  the  proper  proportion 
of  hot  diluted  sulphuric  acid ;  or  by  extracting  with  spirit, 
etc.,  after  the  addition  of  lime  (see  the  sections  on  the  quan- 
titative analysis  of  cinchona  bark).  This,  the  common^  com- 
mercial sulphate,  crystallizes  out  on  cooling  in  silky  acicular 
crystals,  one  molecule  containing  two  atoms  of  quinine 
(2C20H24NsO2),  one  of  sulphuric  acid  (H2S04),  and  eight  of 
water  of  crystallization  (8H20). 

Sulphate  of  quinine,  the  common  or  so-called  disulphate 
-(C20H24N2O2)2,H2SO4,8H2O-is  only  slightly  soluble  in 
water ;  on  the  addition  of  diluted  sulphuric  acid  the  so-called 
neutral  sulphate  or  soluble  swZp7iate(C20H24N2O2,H2SO4,7H2O), 
is  formed,  which  is  freely  soluble.  The  latter  salt  may  be 
obtained  in  large  rectangular  prisms.*  An  acid  sulphate 
(CaoH^NjOa,  2H2S04,  7H20)  also  exists.  The  Infusum 
Cinchonce  Acidum,  B.P.,  contains  the  soluble  sulphate. 

The  ordinary  disulphate  of  quinine  is  more  soluble  in 
alcohol  or  alcoholic  liquids  than  in  water.  An  Ammoniated 
Tincture  (Tinctura  Quinince  Ammoniata,  B.P.)  is  made  by 
dissolving  the  sulphate  in  proof  spirit  and  adding  a  large 
excess  of  solution  of  ammonia.     This   tincture  contains 

*  We  do  not  know  whether  or  not  these  sulphates  are  ordinary  sul- 
phates, the  hydrogen  of  the  acid  going  over  to  the  quinine  molecule,  nor 
whether  or  not  the  quinine  molecule  is  univalent  or  bivalent ;  hence  we 
cannot  say  whether  the  common  sulphate  or  the  soluble  sulphate  is,  in 
constitution,  the  neutral  sulphate.  In  the  above  paragraph,  the  names 
disulphate,  neutral  sulphate,  acid  sulphate,  indicate  nothing  more  than 
that  the  first  sulphate  contains  in  one  molecule  two  atoms  (chemical 
atoms)  of  quinine  to  one  of  sulphuric  acid,  the  second  one  of  each,  and 
the  third  two  of  acid  to  one  of  quinine. 
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quinine  itself  liberated  from  combination  by,  and  dissolved 
by  aid  of  the  excess  of,  the  ammonia.  Quinine  wine  (Vinum 
Quinince,  B.P.)  is  a  solution  of  neutral  sulphate  and  citrate 
of  quinine  in  orange  wine,  made  by  dissolving  the  disulphate 
(one  grain  in  the  ounce)  in  orange  wine  by  the  help  of  citric 
acid.  The  remaining  pharmacopoeial  preparations  of  quinine 
are  the  hydrochlorate  and  the  mixed  citrates  of  iron,  am- 
monium, and  quinine  (Ferri  et  Quinince  Citras,  B.P.),  the 
well-known  scale  compound.  The  latter  is  made  by  dissolving 
ferric  hydrate,  prepared  from  ferric  sulphate,  and  quinine, 
prepared  from  the  sulphate,  in  solution  of  citric  acid,  am- 
monia also  being  added  :  the  liquid,  evaporated  to  a  syrupy 
consistence  and  dried  in  thin  layers  on  glass  plates,  yields  the 
usual  greenish-yellow  scales  (vide  p.  174). 

Hydrochlorate  of  Quinine  (Quinince  ffydrochloras,  B.P.) 
is  prepared  by  neutralizing  quinine  by  hydrochloric  acid. 
Its  formula  is  C20H24N2O2,HCl,2H2O.  It  is  soluble  in  about 
34  parts  of  water  at  common  temperatures,  the  sulphate 
requiring  700  or  800.  The  two  salts  resemble  each  other  m 
appearance,  but  the  crystals  of  the  hydrochlorate  are  com- 
monly somewhat  larger  than  those  of  the  sulphate.  8  grains 
of  hydrochlorate  of  quinine  dissolved  in  1  ounce  of  tincture 
of  orange-peel  forms  the  Tinctura  Qicinince,  B.P. 

Basic  Citrate  of  Quinine  has  the  formula  (C20H2+N2O2)2. 
H3C6H507, 5H20.  Other  citrates  contain  three  molecules  of 
quinine  to  two  of  citric  acid,  and  one  of  quinine  to  one  of 
citric  acid. 


Reactions. 


First  Analytical  Reaction.— To  a  solution  of  quinine  or 
its  salts  in  acidulated  water  add  fresh  chlorine- water, 
shake,  and  then  add  solution  of  ammonia;  a  green  coloration 
(thalleioquin,  or  dalleiochin)  is  produced.  Bromine-water  or 
bromine-vapour  may  be  used  instead  of  chlorine. 

Second  Analytical  Reaction.— Repeat  the  foregoing  reac- 
tion but  precede  the  addition  of  solution  of  ammonia  by  that 
of  solution  of  ferrocyanide  of  potassium ;  an  evanescent  red 
coloration  is  produced  (Livonius  and  Vogel). 

Third  Analytical  Reaction.- To  an  aqueous  solution  of  a 
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soluble  salt  of  quinine  add  solution  of  oxalate  of  ammonium  ; 
a  white  crystalline  precipitate  of  oxalate  of  quinine  falls.  It 
is  soluble  in  acids.  If  the  solution  to  be  tested  be  made 
from  ordinary  sulphate  of  quinine,  excess  of  the  latter  should 
be  added  to  water  very  faintly  acidulated  with  sulphuric  acid, 
and  the  undissolved  crystals  removed  by  filtration. 

Fourth  Analytical  Reaction. — A  saturated  aqueous  solution 
of  any  neutral  salt  of  quinine  is  made  by  dissolving  so  much 
of  the  salt  in  hot  water  as  that  some  shall  separate  when  the 
mixture  has  cooled  to  about  60°  F.  After  standing  for  some 
time,  filter.  To  the  filtrate  water-washed  ether  is  added 
until  a  distinct  layer  of  ether  remains  undissolved,  and  then 
ammonia  in  slight  excess.  After  agitation  and  rest  for  fifteen 
minutes,  all  precipitated  quinine  will  have  re-dissolved. 

Note. — In  the  case  of  quinidine  salts  well-defined  crystals 
appear  at  the  junction  of  the  aqueous  and  ethereal  layers, 
especially  after  standing.  In  the  case  of  cinchonidine  salts 
a  thick  layer  of  small  crystals  appears  at  once.  In  the  case 
of  cinchonine  salts  the  undissolved  alkaloid  makes  the  ethe- 
real layer  nearly  solid.  In  testing  quinine  for  other  alkaloids 
evaporate  the  aqueous  solution  to  one-fifth. 

Fifth  Analytical  Reaction. — Formation  of  Iodo-sulphate  of 
Quinine.  Dissolve  sulphate  of  quinine  in  weak  spirit  of 
wine  slightly  acidulated  with  sulphuric  acid,  and  add  an 
alcoholic  solution  of  iodine;  a  black  precipitate  forms.-  Allow 
the  precipitate  to  settle,  pour  away  the  fluid,  wash  once  or 
twice  with  cold  alcohol  and  then  boil  with  alcohol ;  on  cool- 
ing minute  crystals  separate,  having  the  optical  properties 
of  the  mineral  tourmaline.  This  iodo-sulphate  is  sometimes 
termed  Herapathite,  from  the  name  of  one  of  the  chemists 
who  discovered  it  (in  1852).  Under  the  name  of  iodide  of 
hydriodate  of  quinine,  Bouchardat  described  and  used  it  in 
1845.  It  is  so  slightly  soluble  in  alcohol  that  by  its  means 
quinine  can  be  fairly  well  separated  from  its  admixture  with 
the  other  cinchona  alkaloids.  According  to  Jorgensen  it  has 
the  formula  4C2nH24N202,  3H8S04|  2HI,  I4,.z-H20. 

a.c.  s  s 
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Sixth  Analytical  Reaction.— Prepare  a  saturated  solution  of 
ordinary  sulphate  of  quinine  in  water  at  about  60°  F.,  and 
add  to  5  volumes  of  that  solution  7  volumes  of  solution  of  am- 
monia (sp.  gr.  0-96).  The  alkaloid  which  at  first  precipitates 
redissolves  upon  slight  agitation  if  the  sulphate  of  quinine 
is  free  from  anything  but  traces  of  other  cinchona  alkaloids. 
If,  however,  more  than  traces  of  quinidine,  cinchonidine,  and 
ci'nchonine  salts  be  present,  a  permanent  precipitate  remains. 
This  is  Kerner's  method  of  testing  sulphate  of  quinine  for 
other  cinchona  alkaloids.  It  turns  upon  the  fact  that  the 
solubility  of  the  sulphates  of  the  cinchona  alkaloids  m  water 
is  in  the  opposite  order  to  the  solubility  of  the  alkaloids 
themselves  in  solution  of  ammonia. 

Other  CTiaracters.-Concentrated  sulphuric  acid  dissolves 
quinine  with  production  of  only  a  faint  yellow  colour  which 

is  not  increased  by  warmth.  Quinine  and  its  salts,  heated 

on  platinum  foil,  burn  entirely  away.  Most  salts  of  quinine 

when  in  solution  have  a  beautiful  blue  fluorescence.  They 

twist  the  ray  of  polarized  light  to  the  left.  Quinine  is 

soluble  in  alcohol,  ether,  benzol,  and  chloroform  Ordinary 
nuinine  sulphate  is  insoluble  in  chloroform,  and  but  slightly 
soluble  in  water.  Its  solubility  in  chloroform  is  increased 
bv  the  presence  in  solution  of  quinidine  and  cmchonine  sul- 
phates (Prescott),  and  its  solubility  in  water. is  decreased 
bv  the  presence  in  solution  of  ammonium  sulphate  (Ca  les). 
The  slight  solubility  of  its  sulphate  and  iodo-sulphate  in 
water  distinguishes  quinine  from  the  other  cinchona  alka- 
bids,  including  the  «  amorphous  alkaloid,"  or  «  quinoidine. 

Quinidine  (O20H24N2O2,  the  conwi ^'f™^^** 
Hesse}  is  an  isomer  of  quinine.  Its  salts  are  ttuoiescent- 
*7give  thalleioquin  with  chlorine-  or  bromine-wator  and 
ammonia.  They  twist  the  ray  of  polarized  light  to  t  e 
ammonia.  *      insoluble  in  water  and  sparingly  so  ub  e 
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ammonia  solution  (sp.  gr.  0'96).  Its  sulphate  is  more  soluble 
in  water  and  chloroform  than  the  sulphate  of  quinine.  Tar- 
trate of  quinidine  is  soluble  in  water.  The  hydriodate  is 
insoluble  in  water  and  weak  spirit,  and  occurs  as  sandy- 
crystals.  The  hydriodates  of  the  other  cinchona  alkaloids, 
though  more  soluble  than  quinidine  hydriodate,  are  some- 
times precipitated  from  neutral  concentrated  solutions,  as 
amorphous  or  semi-liquid  precipitates.  These,  however,  are 
soluble  in  weak  spirit. 

Cinchonidine  (C20H24N2O). — The  sulphate  (Cinchonidince 
Sulphas,  B.P.)  is  official.  It  may  be  obtained  from  the 
mother-liquids  of  the  crystallization  of  sulphate  of  quinine. 
When  perfectly  pure,  salts  of  cinchonidine  do  not  give 
thalleioquin  and  are  not  fluorescent.  Even  good  commercial 
salts,  however,  nearly  always  give  both  reactions.  Salts  of 
cinchonidine  twist  the  polarized  ray  to  the  left.  Cinchoni- 
dine is  insoluble  in  water  and  nearly  so  in  ether.  (See 
Quinine,  4th  Analytical  Reaction).  It  is  soluble  in  alcohol, 
benzol,  and  chloroform.  It  is  less  soluble  in  ammonia  solu- 
tion than  quinine,  5  volumes  of  a  saturated  aqueous  solution 
of  cinchonidine  sulphate  requiring  about  80  volumes  of  am- 
monia solution  (sp.  gr.  0*96).  It  is  true  cinchonidine  is 
dissolved  as  readily  as  quinine  if  excess  of  strong  ammonia 
is  quickly  mixed  with  the  solution  of  the  salt  of  cinchoni- 
dine ;  but  from  such  a  solution  cinchonidine  soon  crystallizes 
out,  while  quinine  remains  dissolved  for  many  hours.  Sul- 
phate and  hydriodate  of  cinchonidine  are  soluble  in  water, 
but  the  sulphate,  like  quinine  sulphate,  is  insoluble  in  chlo- 
roform. Tartrate  of  cinchonidine  is  insoluble  in  water ;  and 
in  this  form  cinchonidine  is  usually  separated  from  neutral 
solutions  containing  the  other  cinchona  alkaloids  except 
quinine,  the  filtrate  from  the  precipitate  of  tartrate  yielding 
cinchonine  on  the  addition  of  ammonia. 

Cinchonine  (CooH^NcjO)  is  an  isomer  of  cinchonidine.  The 
sulphate  (Cinchoninai  Sulphas,  B.P.)  is  official.  "  It  may 
be  obtained  from  the  mother-liqnors  of  the  crystallization 
of  the  sulphates  of  quinine,  cinchonidine,  and  quinidine,  by 
precipitating  the  alkaloid  with  caustic  soda,  washing  it  with 
spirit  until  free  from  other  alkaloids,  dissolving  in  sulphuric 
acid,  and,  after  purifying  the  solution  with  animal  charcoal, 
allowing  to  crystallize.".  When  quite  pure,  its  salts  are  not 
fluorescent  and  do  not  give  thalleioquin.  As  in  the  case  of 
cinchonidine,  even  good  commercial  specimens  of  cinchonine 
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salts  nearly  always  give  both  reactions.    Cinchonine  salts 
twist  the  polarized  ray  to  the  right.    Cinchonine  is  insoluble 
in  water  and  nearly  so  in  ether.   {See  Quinine,  4th  Ana  ytical 
Eeaction.)    It  is  soluble  in  chloroform,  benzol  and  alcohol. 
Chloroform  containing  one-fourth  of  its  weight  o    Bd  per 
cent  alcohol  dissolves  cinchonine  much  more  readily  than 
either  alcohol  or  chloroform  alone.     Cinchonine  is  insoluble 
in  ammonia  solution.     Sulphate,  tartrate,  and  hydriodate 
of  cinchonine  are  soluble  in  water,  and  the  sulphate  like 
sulphate  of  quinidine,  is  soluble  in  chloroform     In  mixtures 
of  cinchona  alkaloids  this  alkaloid  is  precipitated  by  a  kali 
after  the  others  have  been  successively  removed  by  ether, 
tartrate  of  sodium,  and  iodide  of  potassium. 

Constitution  of  the  cinchona  alJcalozds. -This i  is naot  yet 
clear  though  great  advances  have  been  made.   In  the  course 
o   the  Sstilations  derivatives  of  quinoline,  more  or  ess 
Resembling  quinine  have  been  obtained,  namely,  kavrme 
laZineUthalline;  antipyrin  also.  ^cetamUden -anti- 
febrin"  has,  too,  been  found  to  possess  greater  antipyretic 
nows  than  the  derivatives  just  mentioned.)  See  also  p  613 
P°«  Znoidine,  «  chinoidine"  or  the  ^rp^sfka^d 
-Cmchona  barks  generally,  contain  some  alkaloid  isomer* 
with  quinine  which,  like  quinine,  is  soluble  in  ether  but  the 
rdina^v  sulphate  and  iodosulphate  of  which  are  not  crystal- 
Hne  and  areP  soluble.    These  salts  are  semi-solid  resmous- 
ookiug  substances.    The  iodo-sulphate  is  used  ^  De  Vi  3  s 
method  for  the  sepaiation  of  imxed  alkdoids^Q^^ 
is  usuallv  obtained  along  with  quinine,  etc.,  horn  the  mixea 
alkalokls7  by  ether,  and  remains  in  the  mother  liquor,  from 
which  it  is  precipitated  by  an  alkali  cinchona 
Cinchovatine  occurs  in  a  Particula™^  froducedT 
bark.   Quinicine,  and  cinchomcme,  a™  aUwloids  Foduced  o  _ 
the  action  of  heat  on  quinine  or  qmmdine  and on  ^no 
dine  respectively.    They  also,  P°  £ 

mers  of  the  parent  alkaloids.     Both  yieia  oiam*  y 
Ouiniretin  is  the  name  given  to  the  brown  or  reddish-brow 
-substance  into  which  quinine  m  aqueous  solution 
is  converted  when  exposed  to  much  light. 

Quinamine  (O20H20N2O8),  is  a  nnn  w«  rinclwna  Suc- 

ftat  oanin  The  same  chemist  announces  the  presence  » 
oiochoca  ef  a  sixth  alkaloid,  cinchmndme  (<WW» 
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Cupreine,  (C19H22N202)  is  an  alkaloid  discovered,  simul- 
taneously, by  Howard  and  Hodgkin,  by  Paul  and  Cownley, 
and  by  Whiffen,  in  the  bark  of  a  Remijia  (allied  to  Cinchona) 
and  termed  cuprea  bark.  It  closely  resembles  quinine,  but 
is  sparingly  soluble  in  ether.  It  may  be  converted  into 
quinine  by  heating  its  sodium  compound  with  methyl 
chloride ;  whence  it  appears  that  quinine  is  the  methyl 
ether  of  cupreine.  The  alkaloid  at  first  termed  homoquinine 
or  ultraquinine  seems  to  have  been  a  mixture  of  cupreine 
and  quinine. 

Hydroqicinine,  C20H26N2O2,  containing  two  more  atoms  of 
hydrogen  than  are  present  in  the  quinine  molecule,_  is  an 
alkaloid  associated  with  quinine,  in  minute  amount,  in  cin- 
chona bark.  It  remains  in  the  mother-liquor  when  quinine 
sulphate  is  crystallized  from  an  acid  solution.  Its  thera- 
peutic action  is  similar  to  that  of  quinine.  Its  characters 
are  closely  allied  to  those  of  quinine.  It  was  discovered  by 
Hesse. 


STRYCHNINE. 

Formula,  021H22N202.    Molecular  weight,  334. 

Source. — Strychnine  or  strychnia  exists,  to  the  extent  of 
about  1  per  cent.,  in  Nux  Vomica  (Strychnos  Nux-vomica), 
also  (Shenstone)  in  minute  quantity  in  the  bark  of  the  Nux 
Vomica  tree  (false  angostura  bark)  and  to  TO  or  1*5  per 
cent,  in  St.  Ignatius's  bean  (Strychnos  Ignatius),  chiefly  in 
combination  with  strychnic  or  igasuric  acid,  or,  after  slight 
fermentation  when  moistened,  with  lactic  acid.  Crow  also 
found  it  in  the  bark  of  the  S.  Ignatius. 

Process. — According  to  the  official  process  for  its  prepara- 
tion (Strychnina,  B.P.),  the  seeds,  disintegrated  by  subjection 
to  steam,  and,  after  drying,  grinding  in  a  coffee-mill,  are 
exhausted  with  spirit,  the  latter  removed  by  distillation,  the 
extract  dissolved  in  water,  colouring  and  acid  matters  preci- 
pitated by  acetate  of  lead,  the  filtered  liquid  evaporated  to 
a  small  bulk,  the  strychnine  precipitated  by  ammonia,  the 
precipitate  washed,  dried,  and  exhausted  with  spirit,  the 
spirit  recovered  by  distillation,  and  the  residual  liquid  set 
aside  to  crystallize.  Crystals  of  strychnine  having  formed, 
the  mother-liquor  (which  contains  the  brucine  of  the  seeds) 
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is  poured  away,  and  the  crystals  of  strychnine  washed  with 
spirit  (to  remove  any  brucine)  and  recrystallized. 

Properties.— Strychnine  occurs  "in  right  square  octahe- 
drons or  prisms,  colourless  and  inodorous ;  sparingly  soluble 
in  water,  but  communicating  to  it  an  intensely  bitter  taste ; 
soluble  in  boiling  rectified  spirit  and  in  chloroform,  but  not 
in  absolute  alcohol  or  in  ether."  It  forms  salts  with  acids. 
The  sulphate  has  the  formula,  (C21H22N202)2H2b04,  b±i2U. 
It  is  soluble  in  about  40  parts  of  water.  The  citrate 
(C21H22N202)2C6H807,  4H20  (or  6H20)  dissolves  at  60  S\, 
in21about  40  parts *  of 'water  and  1 15  parts  ofalcoho 1  The 
hydrochlorate  seems  to  have  the  formula  02jH22JNoU2UW,3.u.2u, 
and  (Dott)  is  soluble  in  35|  parts  of  water. 

Reactions. 

First  Analytical  Reaction.— Place  quite  a  small  fragment 
of  strychnine  on  a  white  plate,  and  near  to  it  also  a  small 
piece  of  red  chromate  of  potassium ;  to  each  add  one  drop  of 
concentrated  sulphuric  acid ;  after  waiting  a  minute  or  so  for 
the  chromate  to  fairly  tinge  the  acid,  draw  the  latter,  by  a 
glass  rod,  over  the  strychnine  spot;  a  beautiful  purple  colour 
is  produced,  quickly  fading  into  a  yellowish  red.  The  follow- 
ing oxidizing  agents  may  be  used  in  the  place  of  the  chro- 
mate —puce-coloured  oxide  of  lead,  fragments  of  black  oxide 
of  manganese,  ferricyanide  of  potassium,  or  permanganate  of 
potassium. 

This  reaction  is  highly  characteristic;  a  minute  fragment 
dissolved  i^ ^  much  dilute  alcohol,  or,  better,  chloroform  and 
one  drop  of  the  liquor  evaporated  to  dryness  on  a  porce  am 
crucible -lid  or  other  white  surface,  yields  a  residue  which 
immedTately  gives  the  purple  colour  on  being  oxidized  m  the 

^dSSL..-St«mg  sulphuric  acid  does  not  act  on 
■trvohnine,  even  at  the  temperature  of  boiling  water,  a  fact 
of  S  advantage  is  taken  in  separating  strychnine  from 
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 Strong  nitric  acid  does  not  colour  strychnine  in  the  cold, 

and  on  heating  only  turns  it  yellow. 

The  Physiological  Test. — A  small  frog  placed  in  an  ounce 
of  water  to  which  of  a  grain  of  salt  (acetate)  of  strych- 
nine is  added,  is,  in  two  or  three  hours,  seized  with  tetanic 
spasms  on  the  slightest  touch,  and  dies  shortly  after- 
wards. 

Strychnine  has  an  intensely  bitter  taste.  Cold  water  dis- 
solves only  Part ;  vet  this  solution,  even  when  largely 
diluted,  is  distinctly  bitter.  Alcohol  is  a  somewhat  better 
solvent.  The  salts  of  the  alkaloid  are  more  soluble.  The 
official  solution  {Liquor  Strychnince  Hydrochloratis,  B.P.) 
contains  1  per  cent,  of  strychnine,  the  solvent  being  three- 
parts  water,  one  part  spirit,  and  a  few  minims  (6  per  ounce) 
of  hydrochloric  acid  (rather  more  than  sufficient  to  form 
hydrochlorate  of  strychnine).  If  too  much  acid  be  present, 
the  hydrochlorate  will  crystallize  out  in  cold  weather. 

Brucine,  or  Brucia  (C33H26N204,  4H20),  is  an  alkaloid 
accompanying  strychnine  in  Nux  Vomica  and  St.  Ignatius's 
bean  to  the  extent  of  about  two  per  cent.  It  is  readily  dis- 
tinguished by  the  intense  red  colour  produced  when  nitric 
acid  is  added  to  it.  *  Igasurine,  once  supposed  to  be  a  third 
alkaloid  of  nux  vomica,  has  been  shown  by  Shenstone  to  be 
only  a  mixture  of  brucine  and  strychnine. 

Curarine  (C10H15N),  the  active  principle  of  the  arrow- 
poison,  termed  curari,  urari,  ourari,  wourali,  or  woorara, 
prepared  from  a  StrycJinos,  resembles  strychnine  in  giving 
colour  by  oxidation,  but  the  colour  is  more  stable.  Iodide  or 
platinocyanide  of  potassium  do  not  with  curarine  afford  pre- 
cipitates which  crystallize  from  alcohol  like  those  of  strych- 
nine. Curarine,  also,  is  soluble  in  water.  Unlike  strych- 
nine, curarine  is  reddened  by  sulphuric  acid  ;  it,  also,  is  not 
dissolved  out  by  ether  from  an  acid  or  alkaline  liquid. 
Curari  appears  to  vary  much  in  strength  and  quality.  It  is 
probably  a  mixture  of  vegetable  extracts. 

Distinction  of  Brucine  from  Morphine. — The  red  colora- 
tion produced  by  the  action  of  nitric  acid  on  brucine  is  distin- 
guished from  that  yielded  with  morphine  by  the  action  of 
reducing  agents  (such  as  stannous  chloride,  hyposulphite  of 
sodium,  sulphydrate  of  sodium),  which  decolorize  the  mor- 
phine-red, but  change  that  of  the  brucine  to  violet  and  green 
(Cotton).    The  solution  of  brucine  in  the  nitric  acid  should 
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be  heated  to  the  boiling-point,  diluted  with  water,  and  the 
stannous  chloride  then  be  added. 

Distinction  of  Free  Alkaloids  or  their  Salts  from  each 
other.  —  This  is  accomplished  by  remembering  the  appearance 
and  other  physical  characters  of  the  substances  as  met  with 
in  pharmacy,  the  effect  of  heat,  the  action  of  such  solvents  as 
water,  alcohol,  and  ether,  the  influence  of  strong  and  diluted 
acids,  strong  and  weak  alkalies,  oxidizing  substances,  and 
other  reagents.  Tables  to  aid  in  the  analysis  of  small  quan- 
tities of  official  alkaloids,  their  salts,  glucosides,  and  various 
"  scale  "  compounds,  will  be  found  opposite  page  649. 


QUESTIONS  AND  EXEECISES. 

What  alkaloids  are  more  or  less  characteristic  of  the  different  varieties 
of  cinchona  bark?  In  what  form  do  they  occur  ?— By  what  method  is 
sulphate  of  quinine  obtained  ?— Give  the  characters  of  sulphate  of  quinine. 
—Describe  the  tests  for  quinine.-How  would  you  detect  sahem  in  sul- 
phate of  quinine  ?-Show  how  the  sulphates  of  quinidme  or  cmchonine 
may  be  proved  to  be  present  in  commercial  sulphate  of  quinine.-How 
are  cinchonine  and  quinine  distinguished  from  morphme  ?-Whence  is 
strychnine  obtained  ?-Describe  the  official  process  for  the  isolation  of 
strychnine— Give  the  characters  of  strychninei-Describe  the  tests  for 
strychnine— By  what  reagent  is  brucine  distinguished  from  strychnine ;  ? 
-Singuish  between  brucine  and  morphine—By  what  general  methods 
would  you  distinguish  common  alkaloids  from  each  other  ? 


ALKALOIDS  OF  LESS  FRECtUENT  OCCURRENCE. 

Aconitine,  Aconitina,  or  Aconitia,  isan  alkaloid  obtained 
from  Aconite  (Aconitum  Napellus)  leaves  (Aconiti  Folia,  tt.r.) 
and  root  (Aconiti  Radix,  B.P.).  The  alkaloid  itself  is  only 
slightly  soluble  in  water;  it  occurs  in  the  plant  in  combina- 
tion with  a  vegetable  acid,  forming  a  soluble  salt.  _ 

Process.-The  official  process  for  its  preparation  (Acom- 
tina  B.P.),  consists  in  dissolving  out  the  natural  salt  ot  tne 
alkaloid  from  the  root  by  rectified  spirit,  recovering  the  latter 
bv  distillation,  mixing  the  residue  with  water,  tilter  ng, 
precipitating  the  aconitine  by  ammonia,  drying  the  precipitate 
and  digesting  it  in  ether  (in  which  some  of  the  accompanying 
impu7ities  afe  inBoluble),  recovering  the  ether  by  distil  ation 
dissolving  the  dry  residue  in  the  retort  m  water  acidulated 
W  SSSSrio  acid,  again  precipitating  the  alkaloid  by  am- 
monia, and  finally  washing  and  drying. 


ALKALOIDS. 


633 


Properties. — Aconitine  usually  occurs  as  a  white  powder. 
It  has  been  obtained  and  studied  in  the  crystalline  state  by 
Groves,  Wright,  Williams  and  others.  It  is  very  slightly 
soluble  in  cold  water,  more  so  in  hot,  and  much  more  soluble 
in  alcohol,  in  ether,  and  in  chloroform.  It  is  one  of  the  most 
violent  poisons  known.  "  When  rubbed  on  the  skin,  it  causes 
a  tingling  sensation,  followed  by  prolonged  numbness."  The 
thousandth  part  of  a  grain  on  the  tip  of  the  tongue  produces, 
after  a  minute  or  so,  a  characteristic  tingling  sensation  and 
numbness  ;  large  quantities  rubbed  into  the  skin  cause  numb- 
ness and  loss  of  feeling.  Sulphuric  acid  turns  it  of  a  yellowish 
and,  afterwards,  dirty  violet  colour. 

According  to  Wright,  who,  in  conjunction  with  Groves  and 
Williams,  worked  by  the  aid  of  grants  from  the  British 
Pharmaceutical  Conference,  Aconitum  Napellus  yields,  chiefly, 
crystalline  aconitine,  C33H43N012,  with  some  crystalline 
pseud-aconitine,  C36H49N012,  and  a  little  non-crystalline 
alkaloid. 

In  the  research  laboratories  of  the  Pharmaceutical  Society 
of  Great  Britain,  Dunstan  and  Umney  found,  in  addition  to 
aconitine  (C33H45N012  Dunstan  and  Ince),  aconine,  and  an 
amorphous  alkaloid,  napelline  or  isaconitine,  whose  salts 
are  also  uncrystallizable.  It  is  isomeric  with  aconitine 
and  also  yields  the  same  products  on  hydrolysis.  Aconitine 
is  readily  hydrolyzed  into  aconine,  C^H^NOn,  and  benzoic 
acid  (Dunstan  and  Passmore). 

According  to  Jurgens  the  formula  of  aconitine  is  C38H47 
N012.  On  allowing  an  acetic  solution  containing  iodide  of 
potassium  to  evaporate  to  dryness,  and  then  adding  water, 
crystals  of  hydriodate  of  aconitine  of  characteristic  appear- 
ance remain. 

The  tuberous  roots  of  Aconitum  Ferox  and  other  species 
constitute  the  bish  or  bikh  of  India  (Aconiti  Ferocis  Radix, 
P.I.).  It  chiefly  contains  the  variety  of  aconitine  termed 
pseudaconitine.  Some  of  the  aconitine  of  pharmacy  is  pseud- 
aconitine. 

According  to  Paul  and  Kingzett,  the  alkaloid  of  Japanese 
aconite  has  the  formula  C29H.ttN09,  while  Wright  and  Menke 
state  that  the  formula  is  C,;eH88N2021,  and  name  it  japaconi- 
tine. 

TJnguentum  Aconitinai,  B.P.,  contains  eight  grains  of  the 
alkaloid  to  one  ounce  of  benzoated  lard. 

Aconitum  heterophyllum ,  Atis,  or  Atees,  or  Wakhma  (Aeon- 
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iti  Heterophylli  Radix,  P.I.),  contains  no  aconitine,  but  an 
alkaloid  ateesine  having  the  formula  C46H74N205. 

Aspidospermine,  C22H30N2O2,  is  an  alkaloid  of  Quebracho 
bianco  bark  (Fraude).  Another  and  different  alkaloid  is 
quebrachine  (C01H86Na08)  (Hesse).  The  latter  chemist  has 
isolated  four  other  closely  related  alkaloids ;  and  two  from 
Quebracho  Colorado  bark. 

Atropine,  or  Atropia  (C1TH23N03).— This  alkaloid  has 
hitherto  been  considered  to  exist  ready  formed  in  the  Bella- 
donna, or  Deadly  Nightshade  (Atropa  Belladonna;  Bella- 
donna! Folia  et  Radix,  B.P.),  as  soluble  acid  malate  of 
atropine.  But  the  observations  of  Messrs.  Sobering  and  the 
researches  of  Will  indicate  that  not  atropine  but  an  isomer 
of  atropine,  namely  hyoscyamine,  is  the  alkaloid  chiefly  and 
often  solely  present,  and  that  tbe  alkaline  treatment,  during 
tbe  process  of  extraction,  converts  the  hyoscyamine  into 
atropine.  Hyoscyamine  solutions  rotate  a  plane-polarized 
ray  to  the  left;  atropine  has  no  optical  rotatory  power. 
Eacb  similarly  affects  the  eye.  _ 

Process.— Atropine  is  obtained  by  exhausting  the  root  with 
spirit,  precipitating  the  acid  and  some  colouring-matter  by 
lime,  filtering,  adding  sulphuric  acid  to  form  sulphate  of 
atropine  (which  is  somewhat  less  liable  to  decomposition 
during  subsequent  operations  than  the  alkaloid  itselt),  re- 
covering most  of  tbe  spirit  by  distillation,  adding  water  to 
the  residue,  and  evaporating  till  the  remaining  spirit  is  re- 
moved ;  solution  of  carbonate  of  potassium  is  then  poured 
in  till  the  liquid  is  nearly,  but  not  quite  neutral,  by  which 
resinous  matter  is  precipitated:  the  latter  is  filtered  away, 
excess  of  carbonate  of  potassium  then  added,  and  the  libe- 
rated atropine  dissolved  out  by  shaking  the  liquid  with 
chloroform;  The  latter  solution,  having  subsided,  is  removed, 
the  chloroform  recovered  by  distillation,  the  residual  atro- 
pine dissolved  in  warm  spirit,  colouring-matter  separated 
by  digesting  the  liquid  with  animal  charcoal,  the  solution 
filtered,  evaporated,  and  set  aside  to  **V™*C^™'  the 
Solubility.-AtroVme  is  sparingly  soluble  m  wate  the 
liquid  giving  an  alkaline  reaction-more  soluble  in  alcohol 

anres2-Atropine  solutions  give  with  perchloride  of  gold  a 
yellow  precipitate.  One  drop%f  a  dilute  aqueous  solution 
[two  grains  to  the  ounce)  powerfully  dilates  the  f}^  ^ 
eye     It  is  generally  applied  on  a  piece  of  thm  tissue-paper 


ALKALOIDS. 


635 


or  small  disc  (Lamella  Atropines,  B.P.)  placed  between  the 
eyelid  and  the  eye.  Hydrobromate  of  homatropine  is 
official  (Homatropine  Hydrobromas,  B.P.).  It  is  a  white 
crystalline  powder  or  aggregation  of  minnte  prismatic 
crystals,  soluble  in  six  parts  of  cold  water,  and  in  one  hun- 
dred and  thirty-three  of  ethylic  alcohol.  The  dilute  aqueous 
solution  powerfully  dilates  the  pupil  of  the  eye.  A  two  per 
cent,  aqueous  solution  is  not  precipitated  by  the  cautious 
addition  of  solution  of  ammonia  previously  diluted  with  twice 
its  volume  of  water  [distinction  from  atropine].  About  & 
tenth  of  a  grain  moistened  with  two  minims  of  nitric  acid 
and  evaporated  to  dryness  on  the  water-bath  yields  a  resi- 
due which  is  coloured  yellow  by  an  alcoholic  solution  of 
potash  [distinction  from  atropine,  hyoscine,  and  hyoscyamine]. 
If  about  a  tenth  of  a  grain  be  dissolved  in  a  little  water  and 
the  solution  be  made  alkaline  with  ammonia  and  shaken 
with  chloroform,  the  separated  chloroform  will  leave  on 
evaporation  a  residue  which  will  turn  yellow,  and  finally 
brick-red  when  warmed  with  about  fifteen  minims  of  a 
solution  of  two  grains  of  perchloride  of  mercury  in  a  hun- 
dred minims  of  proof  spirit.  Tor  Gerrard,  Schweissinger, 
and  Miickiger  have  observed  that  homatropine  (Ladenburg's 
oxytoluyltropeine,  a  physiologically  similar  but  less  powerful 
and  therefore  sometimes  more  useful  alkaloid  than  atropine), 
like  hyoscyamine  and  atropine,  has  unusually  powerful  al- 
kaline properties,  precipitating  mercuric  oxide  from  mercuric 
solutions,  reddening  phenolphthalei'n,  and,  with  warmth, 
blackening  calomel.  No  other  ordinary  alkaloids  are  so 
powerfully  alkaline. 

Baryta  water  decomposes  atropine  into  tropine  (C8H15NO), 
and  tropic  acid  (C9H10O3),  a  molecule  of  water  being  ab- 
sorbed ;  hence  the  atropine,  so  called,  would  seem  to  be  tropate 
of  tropine,  minus  water,  or  tropyl-tr  opine.  Indeed  Laden- 
burg,  by  heating  tropic  acid  and  tropine  in  sealed  tubes,  has 
produced  a  base  indistinguishable  from  atropine.  The  same 
chemist  by  removing  the  elements  of  water  from  tropine  gets 
tropidine,  C8H13N,  closely  related  to  ecgonine  (p.  639)  and 
anhydro-ecgonine.  This  is,  possibly,  an  intermediate  mem- 
ber of  a  group  of  alkaloids,  of  which  others  are  conine, 
C8H15N,  and  collidine,  C8HnN,  the  latter  a  product  of  the 
destructive  distillation  of  bone-oil,  coal,  quinine,  etc.  Com- 
mercial atropine  is  said  by  Regnauld  and  Valmont  to  be  a 
mixture  of  true  atropine  with  hyoscyamine. 
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In  the  so-called  Japanese  belladonna  (Scopola  Japonica) 
occurs  scopoleine,  an  alkaloid  resembling,  but  more  powerful 
than  atropine  (Eykman) ;  but  Schmidt  considers  that  only 
atropine,  hyoscyamine  and  hyoscine  are  present. 

Preparations.— The  alkaloid  itself  (Atropina),  its  sulphate 
(Atropine  Sulphas),  a  colourless  powder  soluble  in  water, 
(made  by  neutralizing  atropine  with  sulphuric  acid),  a  solu- 
tion (Liquor  Atropines  Sulphatis,  1  per  cent.),  and  an  oint- 
ment (Unguentum  Atropines,  eight  grains  per  ounce),  are  the 
preparations  official  in  the  British  Pharmacopoeia. 

The  fluorescence  of  alkaline  solutions  of  extract  of  bella- 
donna is  caused  by  chrysatropic  acid,  C^oOs  C&unz), 
probably  allied  to  the  fluorescent  scopoletin,  C10H8U4,  found 
in  Japanese  belladonna  by  Eykman. 

Baptitoxine.— Schroeder  gives  this  name  to  a  poisonous 
alkaloid  in  Baptisia  tinctoria,  wild  indigo,  in  which  he  also 
finds  the  glucosides  baptisin  and  baptin. 

Beberine,  Bebirine,  or  Bibirine,  (C36H43N206),  is  an  al- 
kaloid in  the  bark  of  Bebeeru,  or  Bibiru  (Nectanelra  Rodian). 

Process.— According  to  the  British  Pharmacopoeia  it  or 
rather  its  sulphate,  C36H42N206,  H2S04  (Beb  ^  Sulfa, 
BP  )  may  be  prepared  by  exhausting  the  bark  (Nectandra 
Cortex,  B.P.)  with  water  acidulated  by  sulphuric  acid,  con- 
centrating, removing  most  of  the  acid  by  lime,  filtering, 
precipitating  the  alkaloid  by  ammonia,  filtering,  drying,  dis- 
solving in  spirit  (in  which  some  accompanying  matters  are 
insoluble)    recovering  most  of  the  spirit  by  distillation, 
Ztra lizing  by  diluted  sulphuric  acid,  evaporating  to  dryness 
dissolving  the  residual  sulphate  in  water,  evaporating  to  the 
consistence  of  a  syrup,  and  spreading  on  glas s  ^  ^ 
the  product  at  140°  F.    Thus  obtained,  it  occurs  m  dark 
J Translucent  scales,  yellow  when  powdered  strongly 
bitter  soluble  in  water  and  in  alcohol.    It  is  probably  a  mix- 
ture o  sulphates  of  beberine,  nectandrine,  and  other  alkaloids 
tU?l  -Alkalies  give  a  p ale-yellow  precipitate  o^ f  beberine 
when  added  to  an  aqueous  solution  of  a  salt  of  the  alkaloid 
The  precipitate  is  soluble  in  ether.     With  red  chromate  of 
S  and  sulphuric  acid,  beberine  gives  a  black  resin, 
ond  with  nitric  acid  a  yellow  resin. 

BuxZe,  from  the  bark  of  Buxus  s^pervire^pe^ 
or  dssampeline,  from  the  root  (Pareiree  Radix  B.P.)  oiCis 
Zmpel7pareira  ;  and  paHcine,  from  a 
bark,  are  probably  identical  with  Beberine  (Fluckiger). 
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Nectandrine  (C40Hi6N2O8,  4H20).— Drs.  Maclagan  and 
G-amgee  a  few  years  ago  discovered  this  second  alkaloid 
in  Bebeeru-bark.  It  differs  from  beberine  in  fusing  when 
placed  in  boiling  water,  in  being  much,  less  soluble  in  ether, 
in  giving  with  strong  sulphuric  acid  and  black  oxide  of 
manganese  a  beautiful  green  and  then  violet  coloration,  and 
in  having  a  distinct  molecular  weight.  They  considered 
that  two  other  alkaloids  exist  in  Bebeeru-bark. 

Berberine  (C20H17NO4),  is  an  alkaloid  existing  in  several 
plants  of  the  natural  order  Berberidece  (three  species  yield 
Indian  Barberry,  Berberis  Cortex,  P.I.)j  in  Calumba-root 
[Calumbce  Radix,  B.P.)  in  the  root  of  Coptis  Teeta,  or  Mish- 
mi  Bitter  (Coptidis  Radix,  P.I.),  an  Indian  tonic,  and  in 
many  other  yellow  woods.  Hydrastis  Canadensis,  or  Golden 
Seal,  contains  berberine,  though  another  alkaloid,  hydrastinc 
(C22H23N06),  related  to  narcotine  (which  seems  to  be 
methoxyl-hydrastine ;  Schmidt)  and  to  papaverine,  and  even 
a  third,  are  said  to  be  present,  all,  in  Perkin's  opinion, 
benzene  derivatives  of  iso-quinoline.  The  dried  rhizome 
and  rootlets  are  official,  Hydrastis  Rhizoma,  B.P.,  and  these 
are  the  source  of  Extractum  Hydrastis  Liquidum,  B.P.,  and 
Tinctura  Hydrastis,  B.P.  The  root  of  Berberis  vulgaris 
contains  berberine  and  (Wacker)  oxyacanthine  (C18H19N03  ; 
C19H21N03  Eudel),  as  well  as  (Hesse)  berbamine  (also 
C18H19N03).  Xanthorrhiza  apiifolia,  an  old  American  tonic, 
and,  apparently,  Xanthoxylon  Fraxineum,  or  Prickly  Ash, 
also  contain  berberine.  The  rhizome  of  Menispermum  Cana- 
dense,  Yelloiv  Parilla,  contains,  according  to  Maisch,  a  colour- 
less alkaloid  as  well  as  berberine.  The  colour  of  the  tissues 
of  these  vegetables  is  apparently  due  to  berberine ;  for  the 
alkaloid  itself  is  remarkable  for  its  beautiful  yellow  colour. 

Tests. — When  a  dilute  solution  of  iodine  and  iodide  of  po- 
tassium is  added  to  a  solution  of  any  salt  of  berberine  in  hot 
spirit,  excess  of  iodine  being  carefully  avoided,  brilliant 
green  spangles  are  deposited.  The  reaction  is  sufficiently 
delicate  to  form,  according  to  Perrins,  an  excellent  test  of 
the  presence  of  berberine.  This  iodo-compound  polarizes 
light,  and  has  other  analogies  with  herapathite. 

Berberine  itself  is  not  official;  but  plants  in  which  it 
occurs  are  used  as  medicinal  agents  in  all  parts  of  the  world. 

Process. — Berberine  is  readily  extracted  by  boiling  the  raw 
material  with  water,  evaporating  the  strained  liquid  to  a 
soft  extract,  digesting  the  residue  in  alcohol,  recovering  the 
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alcohol  by  distillation,  boiling  the  residue  with  diluted  sul- 
phuric acid,  filtering  and  setting  aside;  the  sulphate  of  ber- 
berine  separates  out,  and  maybe  purified  by  reerystall^at^n 
from  hot  water.  The  neutral  sulphate,  (^20^17^4)2^2^4, 
is  very  soluble  in  water,  the  acid  sulphate,  G20H17JNU4,  ±l2bU4, 
is  less  soluble.  The  alkaloid  itself  is  obtained  by  shaking 
hydrate  of  lead  with  a  hot  aqueous  solution  of  the  sulphate 
of  berberine  (Procter). 

Caffeine.— See  Theine.  . 

Capsicine— M.  Felletar  obtained  from  Capsicum-fruitb 
(Capsici  Fructus,  B.P.),  which  when  ground  form  cayenne 
Pepper,  a  volatile  alkaloid  having  the  smell  of  conme. 
Thresh  has  obtained  crystalline  hydrochlorate  and  sulphate. 
The  latter  chemist  has  also  succeeded  in  isolating  the  active 
principle  of  capsicum,  which  he  has  termed  capsaicin 
fCoH^OA  a  crystalline  non-alkaloidal  excessively  acrid 
substance  Its  exact  chemical  character  is  not  yet  made  out 
According  to  Dr.  Thresh  a  similar  pungent  principle  occurs 
in  Zn  J-  (gingerol)  and  in  grains  of  paradise  (paradol), 
bodiS ^probably  iBomeric  with  capsaicin.    (Sec  also  Capstan, 

m  Carpaine  C^H^NO^  occurs  in  Carica  papaya. 

P^rATNE  (G  B-JOX  is  an  alkaloid  of  Ei-ythroxylon  Coca 
( Coca  BB .),  the  leaves  of  which  act  powerfully  as  a  restora- 
tive to  the  human  system.   The  hydrochlorate  of  the  alkaloid 

«nbition  of  the  same  (Liquor  Cocaince  HydrocMoiatis  a.r.), 
Reserved  bv  ail  of  salicylic  acid.  Cocaine  and  its  salts  may 
pieservea  oy  aiu  J       .  h     troleum  spmt  a  strong 

acicEed  aquyeouf  hact  of  the'leaves  made  alkaline  with 
Swte  of  Sium,  well  shaking  the  separated  spirit  with 
"[dXted  water,  treating .the ^separated 
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C^H^NO^  +  H20  =  C16H1?N04  +  CH3OH,  benzoyl-ecgonine 
afterwards  yielding  ecgonine  and  benzoyl-hydrate  or  benzoic 
acid,  C^H^NO^  +  H„0  =  CgH1BNOs  +  C7H602.  In  coca 
other  bases  occur  with  cocaine.  Paul  and  Cownley,  also 
Giesel,  find  cinnamyl-cocaine.  Hesse  finds  cocamine  and 
cocaidine  isomeric  with  cocaine.  Liebermann  finds  several 
bases,  one  of  which  is  poisonous,  namely,  isatropylcocaine, 
C]9H23N04,  containing  isatropyl  in  place  of  the  benzoyl  group 
in  ordinary  cocaine.  It  has  an  amorphous  and  sticky  ap- 
pearance. All  these  bases  are  easily  hydrolysed,  yielding 
ecgonine ;  the  latter  with  benzoic  anhydride  yields  benzoyl- 
ecgonine  ;  and  this  with  iodide  of  methyl,  or  otherwise,  yields 
benzoyl-methyl  ecgonine,  or  ordinary  cocaine.  By  thus 
building  up  with  other  acidulous  bodies  than  the  benzoic  a 
whole  chemical  series  of  "  cocaines  "  can  be  produced. 

Another  alkaloid  (benzoyl-pseudo  tropeine)  yielding  instead 
of  ecgonine  a  compound  isomeric  with  tropine,  also  occurs  in 
coca  (Giesel,  Liebermann). 

Cocaine  hydrochlorate  occurs  in  colourless  acicular  crystals 
soluble  in  water,  chloroform,  alcohol,  amylic  alcohol ;  very 
slightly  in  ether ;  not  readily  decomposed  even  when  boiled 
in  water.  The  free  alkaloid  is  readily  decomposed  by  water, 
especially  when  the  solution  is  warmed.  The  solution  in 
water  has  a  bitter  taste ;  gives  a  purple  precipitate  with 
permanganates;  and  a  white  precipitate  with  ammonia. 
Its  solution  produces  on  the  tongue  a  tingling  sensation 
followed  by  numbness.  The  aqueous  solution  dilates  the 
pupil  of  the  eye.  It  gives  no  colour  to  cold  strong  acids, 
but  chars  with  hot  sulphuric  acid.  Evaporated  to  dryness 
on  a  water-bath  with  nitric  acid,  and  treated  with  alcoholic 
potash,  it  develops  an  odour  resembling  peppermint.  Besides 
its  action  as  a  restorative  when  taken  internally,  cocaine 
brought  into  contact  with  the  mucous  membrane  of  the  eye, 
mouth,  throat,  etc.,  produces  local  ansesthesia.  According  to 
Squibb,  good  coca  yields  "5  per  cent,  of  cocaine.  Cocaine 
may  be  detected  in  presence  of  other  alkaloids  by  giving  a 
yellow  precipitate  of  the  chromate  with  potassium  chromate 
or  chromic  acid  in  presence  of  free  hydrochloric  acid. 

Colchicine,  the  active  principle  of  Colchicum  autumnale 
(Colchici  Cormus,  B.P. ;  Colchici  Semina,  B.P.),  is  said  to  be 
an  alkaloid,  though  some  investigators  think  it  has  more  of 
the  characters  of  a  neutral  substance,  and  give,  it  the  name 
colchicin.     Hertel  gives  it  the  formula  C7H,3NOu,  and 
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states  that  ebullition  with  acidulated  water  converts  it  into 
colchicein,  C16H01N052HsO,  and  methyl  alcohol.  Zeisel  says 
it  may  be  crystallized  from  chloroform  and  offers  the  follow- 
ing formulae  for  it  and  its  derivative ;  colchicin,  C21H22  (OCH3) 
N05 ;  colchicein,  C01H22(OH)N05.  The  most  active  medi- 
cinal preparation  is  an  extract  made  from  the  fresh  seeds  by 
digestion  in  large  volumes  of  alcohol  of  at  least  90  per  cent., 
and  subsequent  digestion  of  the  marc  in  hot  water.  The 
extracts  left  on  evaporating  the  two  fluids  separately  are  to 
be  carefully  mixed  (Mols). 

Conine,  Conia,  Conylia,  Conicine,  or  Cicutine.— for- 
mula C8H17N  (Hofmann)  or  a-normal-propyl-pip>eridine, 
aH10N(C3H7).  This  alkaloid  is  a  volatile  liquid,  occurring 
in  Hemlock  {Conium  maculatum)  in  combination  with  an 
acid  (malic?).  It  is  not  official.  According  to  Petit  its 
boiling  point  is  170°  C,  and  its  density  0-846.    It  forms 

crystalline  salts.  ,     i    i  e  •+ 

Process.-It  may  be  obtained  by  distilling  hemlock-fruit 
(Conii  Fructus,  B.P.)  with  water  rendered  slightly  alkaline 
by  caustic  soda  or  potash,  or  by  similarly  treating  the  fresh 
iuice  of  the  leaves.  The  alkaloid  is  a  yellow  oily  liquid, 
floating  on  the  water  that  distils  over;  by  redistillation  it  is 
obtained  colourless  and  transparent  mn\«tmfA 

The  salts  of  canine  have  no  odour,  but  when  moistened 
with  solution  of  an  alkali  yield  the  alkaloid,  the  strong  smell 
of  which,  at  once  recalling  hemlock,  is  characteristic.  Juice 
of  hemlock-leaves  (Conii  Folia,  B.P.),  to  which  solution  of 
potash  and  boiling  water  have  been  added  forms  the  official 
Inhalation  of  Conine  (Vapor  Coninai  B.P.). 

Test8  —Sulphuric  acid  turns  conine  purplish  red,  chang 
infto  olive-g?een  ;  nitric  acid  a  blood-red  ;  perch loride  of 
loU Voducef  a  yellowish-white  precipitate,  perchlonde  of 
platinum  no  precipitate,  in  aqueous  solutions 

Hemlock  also  contains   methyl-comne ,  Ui3JN  • 

(Kekule  and  Von  Planta),  and  conhydnne  CtfLjM ^  , 
V  The  latter  by  dehydration  yields  a  base,  CSH15K  s 
base  is  probably  a  methylic  derivative  of  this,  C8H140rl3JN, 
and  not  true  methyl-conine.  .  , 

According  to  Schiff,  conine  isomeric,  at  least,  with  the 

requiting  compound.    Ladenbmg  nas  piouuoo 
SenS  with  the  natural  alkaloid  from  a-picohne.  Conine 
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may  now  therefore  be  said  to  be  a  product  of  organic 
synthesis,  producible  from  its  elements. 

Corydaline  is  an  alkaloid  obtained  by  Wenzell  from 
"Turkey  Corn,"  the  tubers  of  Dicentra  {Corydalis)  for- 
mosa. 

Cdsparine,  (CjjoH^NOg),  with  cusparidine  (C10H17NO3), 
and  galipine  (C20H21NO3),  are  alkaloids  occurring  in  the  bark 
of  Galipea  cusparia,  or  true  Angostura  Bark  {Cuspariai 
Cortex,  B.P.).  The  bitter  principle,  angosturin,  is  not  an 
alkaloid. 

Cytisine  or  Ulexine  is  an  alkaloid  found  in  laburnum 
and  furze,  and  is  also  probably  identical  with  sophorine, 
from  Sophora  lomentosa. 

Daturlne. — Vide  Hyoscy amine. 

Delphine,  or  Delphinine  and  Delphinoidine  are  the 
poisonous  alkaloids  of  Stavesacre  {Delphinium  Staphisagria). 
The  powdered  seeds  of  the  plant  are  employed  to  kill  the 
pediculi  of  animals.  The  seeds  (Staphisagriai  Semina,  B.P.) 
contain  about  25  per  cent,  of  oil.  Unguentum  Staphisagria;, 
B.P.,  contains  about  10  per  cent,  of  oil. 

Ditamine  (Jobst  and  Hesse),  present  in  the  Ditain  of 
Gruppe,  is  an  alkaloid  of  "Dita,"  or  bark  of  Echites  scholaris, 
or  Alstonia  scholaris  {Alstonia;  Cortex,  P.I.),  a  reputed  febri- 
fuge. Others  are  cchitamine  and  echitcninc.  Oberlin  and 
Schlagdenhauffen  state  that  the  allied  Alstonia  constricta 
(the  bark  of  which  is  said  to  have  advantages  over  the  hop 
as  a  dietetic  bitter),  contains  a  crystalline  alkaloid,  alstonine, 
and  uncrystallizable  alstonicine.  Alstonine  seems  to  be 
allied  to  strychnine. 

Duboisine.— Vide  Hyoscy  amine. 

Emetine,  (C30H44N2O4,  Glenard;  C30H,J0N2O5,  Kunz).— 
This  alkaloid  is  the  active  emetic  principle  of  the  root  of 
Cephaelis  Ipecacuanha  {Ipecacuanha,  B.P.).  It  occurs  to 
the  extent  of  1  to  2  per  cent,  in  the  root,  less  in  the  stems, 
in  combination  with  ipecacuanhic  acid.  The  nitrate  is 
peculiarly  slightly  soluble  in  water  (Lefort).  In  the  Pulvis 
Ipecacuanhas  Compositus,  B.P.,  or  "  Dover's  Powder  "  (Pow- 
dered Ipecacuanha,  1  part ;  Powdered  Opium,  1  part ;  and 
Sulphate  of  Potassium,  8  parts),  minute  division  of  the 
active  ingredients  is  promoted  by  prolonged  trituration  with 
sulphate  of  potassium,  which  is  a  very  hard  salt.  In  the 
pharmacopoeia  of  the  United  States,  sugar  of  milk  is  the 
diluent.    Ipecacuanha  Wine  {Vinum  Ipecacuanha;,  B.P.)  is 
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a  solution  of  neutral  acetate  of  emetine,  and  of  other  matters 
extracted  (by  aid  of  acetic  acid)  from  the  root,  in  sherry 
wine.  Acetum  Ipecacuanha?,,  B.P.,  is  obtained  from  1  part 
of  root  in  20  of  diluted  acetic  acid.  Choline  (Arndf,  a 
"  volatile  base  ")  has  been  found  in  ipecacuanha.  Ipecacu- 
anha is  said  to  have  pharmacological  activity  (in  dysentery) 
even  after  all  emetine  has  been  extracted,  hence  it  would 
seem  to  contain  more  than  one  active  principle. 

The  Indian  substitute  of  ipecacuanha  is  the  dried  leaf 
(Tylopliorce  Folia,  P.I.)  of  Tylophora  asthmatica.  Its  active 
principle  has  not  been  satisfactorily  isolated 

Gelsemine,  (CnHjqNOa,  Sonnenschein ;  C^NO*  (rer- 
rard;  C54H60N4O13,  Thompson),  is  one  of  the  alkaloids  ol 
Gelsemium  nitidum,  or  Carolina  Yellow  Jasmine  {Gel- 
semium, B.P.),  in  the  tissues  of  which  plant  the  gclscminic 
acid  of  Wormley,  and  cesculin  (C16H16O0),  the  fluorescent 
glucoside  of  the  Horse  Chestnut  and  of  many  other  plants, 
are  also  present.  Like  strychnine,  gelsemine  is  not  ap- 
parently affected  by  strong  sulphuric  acid  Nitric  acid  does 
not  colour  it.  A  mixture  of  sulphuric  acid  and  peroxide  ot 
manganese  colours  it  a  crimson  red,  changing  to  green.  In 
Gelsemium  elegans  Crow  finds  an  allied  alkaloid  winch  does 
not  resist  the  action  of  strong  sulphuric  acid,  ^semtmne 
is  another  alkaloid,  said  to  be  more  powerful  than  gel- 

^Gmndeline  is  the  name  given  by  Fischer  to  a ^  bitter 
crystalline  alkaloid  he  extracted  from  Gnndclia{robusta), 
U.S.P.    The  plant  also  contains  a  resin  and  a  volatile  on. 
Guaranine. — See  Theine. 

Hydrastine.— See  p.  637.  (Tr„,wti- 
Hyoscyamine,  (C17H23N03),  occurs  m  the  hmM 
ami  Folia,  B.P.),  and  other  parts  of  H^M^mj, 
Stramonium,  and  various  species  of  Scopola;  also  (Dgnond) 
in  Lettuce.    It  forms  brilliant  colourless  needles    Its  salts 
also  are  crystalline.   Its  effect  on  the  eye  is  similar ^to  that  o 
atropine.    The  researches  of  Ladenburg  show  that  hyoscya 
S  is  the  tropate  of  an  alkaloid  isomeric  with  tropine 
($ee  Atropine.)    Ladenburg  also  finds  in  hen  bane  son. 
hiioscitie  C17HH1N0,,  identical  with  "scopolamine  trom 
fZTa  abides  and  S  carniolica,  a  tropate  of  another 
alkaloid  isomeric  (but  not  identical-Hesse,  Schmidt)  with 

^alkaloids  which  occur  in  Datura  Stramonium,  or- 
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Thornapple  (Stramonii  Semina  et  Folia,  B.P.),  Dhatura 
{Datura  alba  ;  Daturas  Folia  et  Semina,  P.I.),  and  in  Dit- 
boisia  Myoporoides,  and  were  formerly  supposed  to  be  dis- 
tinct alkaloids,  called  respectively  Daturine  and  Duboisine, 
are  identical  with  hyoscyamine,  and  the  latter  is  isomeric 
with  atropine  (Ladenburg).  Duboisine  may  however  be 
identical  with  hyoscine.  Indeed,  according  to  Schmidt,  the 
alkaloid  of  Duboisia  myoporoides  is  sometimes  hyoscyamine 
and  sometimes  hyoscyine  or  scopolamine.  Bees  which  sip 
from  the  flowers  of  stramonium  are  said  to  produce  poisonous 
honey. 

Hyoscyamine  melts  when  heated  to  between  108°  and  109° 
C,  and  then  is  soon  converted  into  atropine.  Its  solutions  in 
alcohol  or  ether  are  stable,  but  the  presence  of  a  very  minute 
amount  of  fixed  caustic  alkali,  or  a  very  little  alkaline  car- 
bonate, causes  complete  conversion  of  the  hyoscyamine  into 
atropine.  With  chloride  of  gold  its  salts  give  a  yellow  crys- 
talline precipitate. 

Jaborandine  and  Jaborine. — See  Pilocarpine. 

Jervine,  (C30HjgN.2O3),  occurs  in  Veratrum  album,  White 
Hellebore,  and  V.  viride,*  American  White  Hellebore,  the 
root  of  which  is  officially  recognised  in  Great  Britain  (Veratri 
Viridis  Rhizoma,  B.P.).  Its  salts  are  much  less  soluble  in 
water  than  those  of  veratrine.  According  to  Bullock,  Vera- 
trum viride  contains  still  another  alkaloid— veratroidine ; 
and,  according  to  Mitchell,  Veratrum  album  also  contains  an 
alkaloid  which  he  terms  veratralbine.  Tobien  gives  the 
formula  of  jervine  as  C27H47N208,  and  of  veratroidine  as 
C5iH78N20i6,  or  C24H37N07.  According  to  Wright,  Vera- 
trum album  contains  jervine,  '  CgH^NOg  ;  pseudo- 
jervine,  C^H^NC^;  rubijervine,  C2f,H43N03 ;  veratralbine, 
C28Ht3N05 ;  and  traces  of  veratrine," C37HcsNOn.  The  same 
author  finds  Veratrum  viride  to  contain  jervine,  pseudojer- 
vine,  cevadine,  C^H^NO,,,  rubijervine  and  traces  of  veratrine 
and  veratralbine.  Pehkschen  finds  jervine  C^H^NCXj, 
pseudojervine,  C2„H4,,NOi2,  and  veratroidine  C32H53NO?,  while 
Sulzberger,  besides  jervine.  rubijervine  and  "pseud ojervine, 
finds  proto-veratrina  C32H5]N6U  and  protoveratrad i n e 
92«Hi5N08.  Salzberger  confirms  Wright  and  Luff's  formula 
for  jervine. 

*  The  name  Green  Hellebore  is  sometimes  applied  to  this  drug,  but 
properly  belongs  to  Helleborw  viridis  [vide  "  Hellcborin  "  in  Index), 
which  is  medicinal  in  some  parts  of  Europe.  -  Hanbury. 
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Lobeline. — A  volatile  fluid  alkaloid  first  isolated  from  the 
dried  flowering  herb  Lobelia  inflata  (Lobelia,  B.P.)  by  Proc- 
ter. In  the  pure  state  it  is  inodorous,  impure  it  smells 
slightly  of  the  plant,  but  mixed  with  ammonia  it  emits  a 
strong  and  characteristic  smell  of  the  herb.  "With  acids  it 
forms  salts.    A  solid  alkaloid  is  said  to  be  present  also. 

Lupuline  is  stated  by  Greismayer  to  be  a  liquid  volatile 
alkaloid  contained  in  the  Hop,  Humulus  Lupulus  (Lupulus, 
B.P.). 

Nectandrine. — Vide  Beberine. 

Nicotine,  C10H14No,or  (CBH7)"'2N2,  or  hexahydrodipyridyl, 
C  nHo(Hfi)N2.— This  also  is  a  volatile  liquid  alkaloid,  forming 
the  powerful  active  principle  of  Tobacco  (Nicotiana  Taba- 
cum),  malate  and  citrate  of  nicotine  being  the  forms  in  which 
it  occurs  in  the  leaf  (Tabaci  Folia,  B.P.).  Its  odour  is 
characteristic;  like  conine,  it  yields  a  precipitate  with  per- 
chloride  of  gold ;  but,  unlike  that  alkaloid,  its  aqueous  solu- 
tions are  precipitated  yellowish  white  by  perchlonde  of 
platinum.  It  is  not  official.  It  is  also  contained  in  Pituri, 
a  drug  "  chewed  by  the  natives  of  some  parts  of  Australia  as 
a  stimulant  narcotic,"  though,  according  to  Liversedge,  the 
latter  alkaloid  may  have  the  formula  C12H16N2. 

Physostigmine  (C15HnN302).— An  alkaloid  obtained  from 
the  Calabar  Bean  (Physostigmatis  Semen,  B. P.),  the  seed  ot 
Phvsostiqmavenenosum  (Jobst  and  Hesse)   by  dissolving  the 
alcoholic  extract  in  water,  filtering,  adding  bicarbonate  of 
sodium,  shaking  the  mixture  with  ether,  and  evaporating  the 
ethereal  liquid."    It  occurs  "  in  colourless  or  pinkish  crystals 
slightly  soluble  in  water,  but  readily  soluble  m  alcohol  and 
in  diluted  acids.    The  aqueous  solution  has  an  alkaline  re- 
action, when  warmed  with  or  when  shaken  with  dilute  solu- 
tion of  potash  becomes  red,  and  when  evaporated  to  dryness 
with  ammonia  over  a  water-bath  leaves  a  bluish  residue  he 
acidified  solution  of  which  is  beautifully  dichroic,  being  blue 
and  red."    A  trace  of  it  powerfully  contracts  the  pupil  of  the 
eye  (Lamella,  Physostigmine,  B.P.) ;  a  small  quantity  a 
Wh  y  poisonous.    Fraser  also  isolated  another  (but  pos- 
sibly, the  same)  principle,  and  termed  it  Eserme,  from  Eseie 
the  name  of  this  ordeal-poison  at  Calabar    Eber  states  that 
rThvsoBTigmine,  by  action  of  acids,  etc,  takes  up  the  elements 
Kter  and  becomes  eseridinc,  C15H,,N30:i,  an  alkaloid  one- 
sixth  the  strength  of  physostigmine,  and  occurring  to  some 
extent  in  tho  Calabar  bean  itself. 
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Pilocarpine  is,  apparently,  the  active  principle  of  the 
diaphoretic  and  sialogogue  Pilocarpus  pennatifolius  (Jabor- 
andi, B.P.).  The  occurrence  of  an  alkaloid  in  this  plant  was 
first  announced  by  Hardy,  followed  almost  immediately  by 
Byasson.  A  crystalline  nitrate  and  hydrochlorate  were  first 
obtained  by  Grerrard.  The  leaves  also  yield  an  essential  oil, 
a  terpene  C10H16  (Hardy).  Harnack  and  Meyer  state  that 
the  true  formula  for  pilocarpine  is  C11H16N202,  and  that  its 
effects  resemble  those  of  nicotine,  but  that  jaborandi  yields 
another  alkaloid,  jaborine,  which  probably  closely  approaches 
pilcarpine  in  composition,  though  allied  to  atropine  in  effects. 
One  salt  is  official,  the  nitrate  (Pilocarpines  Nitras,  B.P.), 
CnH16N202,  HN03.  This  alkaloid  is  obtained  from  extract 
of  jaborandi  by  shaking  it  with  chloroform  and  a  little  alkali, 
and  evaporating  the  chloroformic  solution.  The  product, 
neutralized  by  nitric  acid,  and  purified  by  recrystallization, 
yields  the  nitrate  as  a  white  granular  powder  or  as  prismatic 
crystals.  It  has  a  faintly  bitter  taste,  and  is  soluble  in  water 
and  in  rectified  spirit.  Strong  sulphuric  acid  forms  with  it 
a  yellowish  solution  which,  on  the  addition  of  red  chromate 
of  potassium,  gradually  acquires  an  emerald-green  colour. 
It  leaves  no  ash  when  burned  with  free  access  of  air.  It 
causes  contraction  of  the  pupil  of  the  eye.  Merck  states 
that  a  third  alkaloid,  pilocarpidine,  C10H14N2O2,  is  present  in 
jaborandi.  Harnack  thinks  that  pilocarpine  is  probably  a 
methyl  derivative  of  pilocarpidine.  The  suggestion  also  is 
offered  that  the  formula  for  nicotine  differing  only  by  02 
from  pilocarpidine,  the  latter  is,  perhaps,  only  dihydroxyl- 
nicotine.  According  to  Merck,  confirmed  by  Hardy  and 
Calmels,  jaborine  is  derived  from  pilocarpine  by  natural 
oxidation,  while  pilocarpidine  similarly  yields  jaboridine, 
Ck)H12N303.  The  latter  chemists  have  obtained  pilocarpine 
artificially,  "  /3-pyridine  a-lactic  acid  "  being  converted  into 
pilocarpidine,  and  this  into  pilocarpine. 

Piperine,  (C17H19N03),  is  a  feeble  alkaloid  occurring  in 
White,  Black  (Piper  Nigrum,  B.P.),  Long  Pepper  (Chavica 
ojflcinarum,  Mign.),  and  Cubeb  Pepper  (Oubeba,  B.P.),  asso- 
ciated with  volatile  oil  and  resin  ;  to  these  three  substances 
the  odour,  flavour,  and  acridity  belong.  Piperine  is  obtained 
on  boiling  white  pepper  with  alcohol,  and  evapoi-ating  the 
liquid  with  solution  of  potash,  which  retains  resin.  Re- 
crystallized  from  alcohol,  piperine  forms  colourless  prisms 
fusible  at  212°  F.    With  acids  and  certain  metallic  com- 
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pounds  it  forms  salts,  and  distilled  with  strong  alkali  yields 
piperidine  or  piperidia  (O5H10HN),  an  alkaloid  of  strong 
chemical  properties,  and  piperic  acid  (C12H10O4).  Piperidine 
is  interesting  as  being  one  of  the  alkaloids  that  has  been 
obtained,  artificially,  by  Ladenburg.  It  is  hexa-hydro-pyri- 
dine,  and  is  obtained  by  the  action  of  nascent  hydrogen  on 
pyridine.  Johnstone  finds  it  in  long  pepper  and  m  ordinary 
pepper,  more  especially  in  the  hnsk.  According  to  Buchheim 
the  amorphous  resin  of  the  peppers  is  similar  m  constitution 
to  piperine,  alkalies  breaking  it  up  into  piperidine  and 
chavicic  acid.  Pyrethrin  is  also  said  to  be  a  member  of  the 
series.  The  piperine  of  cubeb  pepper  is  not  to  be  confounded 
with  cubebin,  a  neutral  constituent  and  having  the  formula 
CinHlnOo;  a  derivative,  probably,  of  pyrocatechm. 

Sanguinarine  is  the  alkaloid  of  Blood  Root  {Sangumaria 
Canadensis).  Its  salts  are  red.  Konig  and  Tietz  find  live 
distinct  alkaloids  in  the  root  of  sangumaria,  viz.  cheLery- 
thrine,  CnH17N04  ;  sanguinarine,  C20H15NO4  ;  a-^omoc/^- 
donine,  C01H21N05 ;  (3-homochelidomne  C21H21NU5 ,  and 
protopine;C20R17m5.  Protopine  was  found  in  opium  by 
Hessf  (who  assigned  it  the  formula  C20H19lNO5)  It  also 
occurs  in  chelidouium;  and  probably  is  identical  with 
madeyine  obtained  by  Eyckmann  from  Maclcya 

Solanine,  (C43Hf,9N0lfi).-An  alkaloid  existing  in  the  Woody 
Nightshade, or  Bitter-sweet {Solanum  dulcamara),  ho  c 
also  in  the  shoots,  and  in  minute  amount  m  the  skins  of  the 
tubers  of  the  Potato  (Solanum  tuberosum).  /Ins  alkaloid  s 
only  slightly  soluble  in  water,  alcohol,  or  ether,  nitric acid 
colours  ft  yellow;  sulphuric  acid  produces  at  first, ■ .yeUow^ 
then  a  violet,  and  finally  a  brown  coloration.  It ,1 said Mx> 
be  a  conjugated  compound  of  sugar  with  solanidtne  (C^s 
NO)  Geissler  finds  dulcamarin  (G,H8Ao).  *  gluooside,  to 
be  the  bitter  constituent  of  Solanum  dulcamara,  A  mixtme 
of  sulphuric  acid  and  alcohol,  or  either  selenic  acid  °i  aete 
nate  of  sodium  and  sulphuric  acid,  colours  solanme  01  solani 

diS™E;d(C15H2fiN2),  is  a  poisonous  volatile  alkaloid 
occurring  in  Broom-tops  (Scoparh  Cacumina,  B.P.).  1« 
d  scoverfr,  Stenhouse,  considers  that  the ,  diuretic  prmci^ 
e  K^o-m   it*  Rcovarin    a  non-poisonous   body,  sparing.) 

Lb™ Tn  "Jtf%2  Mills  L  .^fiffiSR 
CP  TT  OHrNn)  and   d  ethyl-sparteme  (Cu,H2iV  .' 
^^Wm^e™  contains  two  pyridine  nuclei. 
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Stillingine. — Bichy  states  that  this  alkaloid  is  present  in 
Stillingia  sylvatica  or  Queen's  Root, 

Taxine,  C37H52010N?  is  an  alkaloid  occurring  in  the 
yew. 

Theine,  or  Caffeine,  or  Guaranine  (Methyl-Theobromine) 
(C8H10N4O2,  H90).— This  alkaloid  occurs  in  Tea,  2  to  U 
per  cent.;"  Coffee,  1'2  per  cent.;  Mate  or  Paraguay  Tea, 
•2  to  2  per  cent. ;  Guarana,  5  per  cent. ;  and  the  Kola-nut. 
Infusions  and  preparations  of  these  vegetable  products  are 
used,  chiefly  as  beverages,  by  three-fourths  of  the  human  race. 
It  is  remarkable  that  the  instinct  of  man,  even  in  his  savage 
state,  should  have  led  him  to  select,  as  the  bases  of  common 
beverages,  just  the  four  or  five  plants  which  out  of  many 
thousands  are  the  only  ones,  so  far  as  we  know,  containing 
theine. 

Theine  is  volatile.  Considerable  quantities  may  be  col- 
lected by  condensing  the  vapours  evolved  during  the  roasting 
of  coffee  on  the  large  scale.  The  infusion  of  tea,  from  which 
astringent  and  colouring  matters  have  been  precipitated  by 
solution  of  subacetate  of  lead,  and  which  has  been  evapo- 
rated to  a  small  bulk,  yields  a  precipitate  of  theine  on  the 
addition  of  a  strong  solution  of  carbonate  of  potassium.  It 
may  be  crystallized  from  alcohol  or  by  sublimation.  Theine 
forms  salts  with  acids  (Caffeince  Citras,  B.P.,  C8H10N4O2, 
H3C0H5O7) ;  they  are  decomposed  by  water. 

Test. — Concentrated  nitric  acid,  or,  better,  a  mixture  of 
chlorate  of  potassium  and  hydrochloric  acid,  rapidly  oxidizes 
theine,  forming  compounds  which  with  ammonia  yield  a 
beautiful  purple-red  colour,  resembling  the  murexid  obtained 
under  similar  circumstances  from  uric  acid  ;  the  oxidation 
must  not  be  carried  too  far.  Theine  boiled  with  caustic 
potash  yields  methylamine  (CH3HHN),  the  vapour  of  which 
has  a  peculiar,  characteristic  odour. 

The  chemical  action  of  theine  on  the  system  is  not  yet  quite 
made  out.    It  is  probably  a  pure  stimulant. 

Theobromine,  C7H8N,,P2,  is  an  alkaloid  occurring  in  cocoa, 
the  seed  of  Thcobroma  Cacao,  to  the  extent  of  1  to  2  per  cent. 
According  to  Schmidt,  a  little  theine  is  present  also.  Theo- 
bromine is  also  present  in  Kola-nut  (Heckel  and  Schlagden- 
hauffen).  The  theine  in  cacao  and  kola  and  probably  that 
in  tea  are  said  to  occur  normally  as  glucosides,  which  would 
explain  why  they  are  only  partially  extracted  by  chloroform 
from  a  mixture  of  tea,  etc.,  and  lime. 
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Relations  between  Theine  and  Theobromine.—Both  theine 
and  theobromine  are  methyl  derivatives  of  xanthine, 
CgH^Og  (belonging  to  the  uric  acid  group,  uric  acid  having 
the  formula,  C5H4N403).  Theobromine,  or  dimethylxanthine, 
(?  the  "theophylline"  found  in  tea  by  Kossel)  may  be 
obtained  from  a  compound  of  xanthine  and  silver  by  the 
action  of  iodide  of  methyl ;  and  theine  (methyltheobromine, 
or  trimethylxanthine)  may  be  obtained  by  heating  theo- 
bromine-silver  with  iodide  of  methyl  (Strecker). 

Trigonelline,  C^NO^O.— Jahns  states  that  this 
alkaloid,  as  well  as  one  identical  with'  choline,  are  present 
in  the  seeds  olfmnugreek  or  fenugreek  (Trigonella  Fanum- 
grcecum)  much  used  in  veterinary  medicine,  and  in  some 
varieties  of  cattle  food  and  curry  powder. 

Verateine,  or  Veratria  (033H5oN09i  Schmidt  and  Kop- 
pen;  CB„H86N001B,  Weigelin).-This  alkaloid  occurs  m  Ceva- 
dilla {Sabadilla,  B.P. ;  the  seeds  of  Schainocaulon  officinale 
of  A.  Gray,  termed  Asagraia  officinalis,  by  Lmdley,  and 
Veratrum  officinale  by  Schlecht).  It  is  also  said  to  occur  in 
the  leaves  of  Sarracenia  purpurea.  According  to  Weigelm, 
cevadilla  contains  two  isomeric  varieties  of  veratrine  the 
one  soluble  the  other  insoluble  in  water.  He  says  there 
are  also  present  sabadilline  (041HflBN30]8)  and  sabatrmc 
(G  H  No017)  The  veratrine  of  trade  contains  the  two  latter 
alkaloids  (Weigelin),  A  mere  trace  of  veratrine  brought  into 
contact  with  the  mucous  membrane  of  the  nose  causes  violent 
fits  of  sneezing.  These  alkaloids,  and  those  from  tie 
different  species  of  Veratrum,  are  evidently  very  closely 
allied.  Wright  and  Luff,  by  the  use  of  tartaric  acid,  a 
solvent  less  likely  than  the  stronger  acids  to  decompose 
alkaloids,  extract  from  cevadilla,  veratnne ,  037H5.,JNUn  , 
cevadine  032H49N09;  and  cevadillme,  C34H68N08.  Accord- 
ing to  Merck,  cevadilla  contains  two  alkaloids,  sabaduu, 
CofHfiiNOg,  and  sabadinine,  C37H45N08. 

" The  official  process  for  the  preparation  of  the  alkaloid 
(Veratria,  B.P.)  consists  in  exhausting  the  disintegrated 
cevadilla-seeds  by  alcohol,  recovering  most  of  the  spint by 
distillation,  pouring  the  residue  into  water  by  which  much 
J  s  Ts  precipitated,  filtering, and  precipitating he -veratrine 
from  the  aqueous  solution  by  ammonia.  1 1  is  pni  ified  t y 
washine  with  water,  solution  in  dilute  hydrochloric  acid, 
rSationof  the 'liquid  by  animal  Mjjlg 
tion  by  ammonia,  washing  and  drying.    Bosetti  states  thai 


p 
a 

o 


o 

o 
o 


H 

is 

H 
P 
t— 1 

W 
K 
H 


o3 


o 
J3 


S  5 

03  ^ 

-2 


-a  ,2  S  ,a  a 


•  — 

o  § 
O  o 


CD 


_  ■  ^  a; 
3    »    fl  Ji 

2  o  "S  <d  - 

t@    >  ^3  ^ 

o  ~  m  a  =a 

«  -S  2  o  rt- 
•ts         a  ^5 

a>  o  a  G 

a  +3  m 
o 


a  , 


g  "S. 


^3 


en 


o  _ 

n3  ,a 


>■     rr  UJ  ^ 

—  o  a>  s 

'Si  m  ™  * 

s;  ©  ■«  — i 

Qj  .a  CD 


60 


CO 


CD 


1§  Si 

ft  a  £  a  ^ 
h'i  » 

«  C  d  o 

'a      o  -a  a 

§  |  -  °  5  o 
§0^2  2  !'£  » 

ii  null 


CD 


O  c3 


2  CO 


I -3 


"3  &»  &  ^  ° 

m  <d   3  ,a 

&o  fi  ^  3  .2  » 

-  R   „,   O  fc 


"    o  . 


a  <4-t 
O  M 


^  co 

+3  CO 
CO  oj 


CD 


A  =3 

60  CD 

a  * 

CD  o3 


°  ft3  - 

CD  O 

a  • 


^  CO 


co  co  a 


a  e, 

^  _co  S*  «5 

-a  a  <D  g  ,3  cs 

cd  -e  £  +3  -d 


O    ^  CD 
CD 

H 


s  a 


—     _  CD 

STB  S3  °2  §• 

o  ' — ' 

CO 


s^.a 


n    v  c 
C)    «   rj  ft„ 

S  s*>  g  <b  o 


ft 


CO  « 

'8 


£?  CD 

a 


Sol 
^3 


a  ce 


CD- 
tJO 

<S  - 
60. 

a  ■ 


ci 

a 

o 

,a 

s 

EC 


~a 


<^  'a 

e  I 

CD  X 

pQ  CD 


a  cd  a 


60 
c3 


cj3 


60 

a 


15 

o 


cd  a 
^3 


o 
'3 


^a 


a 
o 


a 

c3. 


a 


ft 

JO 
I — I 

CD 
>i 
c3 


c3 

o 


60  .If  OS 

§  m-1 

.a  *  1 

•73  O-l 

CD  +5  o 

•s  ^  « 
g  ^  .2 


09 


03  S 


■S  a  ° 
a  13 

M    "  " 


CD 
03 


=3  p, 

«  .2  8 
O  ^  ^ 

eg  *a  ° 

o  =h  a 

°  °  s> 

_a  m  a 

ga 

a  *  -a 


o 
o 


CD  I 

^  'o 
M  ,2 
c3 

al 
a 

c3 


'8 

"c3 


CO 


o 
a 


r3 

a 

CM 


*! 

0  ^ 
CD  - 

^  a  ^ 
rf  o  a 

> 

•ab  <s  -a 

•a-p  s 

.2  S) 

1  § 

-a  a 

cd  a  c3 
i?  a  oi 

."S    ft  CD 

^  co   60  • 

CD 
> 


ft 


60 

a 

o 


"3 


eg 
^1 


73 


•« 

CD 

'ft 


oi 
OS 


5 


Si 


|l 
o 


J2 


O 
ft 


a  -a 

o   .  %  .£< 

CO     ^i  CD 

^  a  cd 

•j     A  HI  H 

CD  43  O  ft  - 


3 


o 

I 

>  CD 

o  ^  75 
-a  a  J  1 

<D     "  OS 

cq  cd  a 

CD  > 

>  O  CD 

CD 

CD  O 
Ul  Xfl 


<S 


-2 

o5 


CD 

n 


o 


o 


a  .a 

id  p~, 

o  ft 
ft  a 

73  p 


a 

o 

a 

o3 


2.  Table  for  the 


("Quinine.  Cinchonine. 
ALKALOIDS.  <  Quinidine.  Cinchonidine. 

(.Beberine.  Strychnine. 


Dissolve  a  portion  in  water,  and  add  ammonia  cautiously.    Precipitate  = 
alkaloids  (except  strychnine)  and  sometimes  ferric  hydrate.    Agitate  the 
mixture  with  a  little  ether  and  separate,  by  means  of  a  pipette,  the  ethereal 
solution,  aqueous  solution,  and  insoluble  precipitate. 

Ethereal  Solution. 

Insoluble 
Precipitate. 

Aqueous 
Solution. 

May  contain  quinine,  quinidine,  or 
beberine.    To  solution  in  a  test-tube 
add  water  very  slightly  acidulated 
with  acetic  acid,  boil,  burning  off 
the  ether.    To  a  portion  of  the  acetic 
solution   add   chlorine  or  bromine 
water,  then  ammonia. 

Is  cinchonine, 
cinchonidine,  or 
ferric  hydrate 
(red). 

Saturate  a  drop 
or  two  of  acetic 
acid  in  a  little 
water  with  the 
precipitate,  and 
to  part  of  the 
solution  add  tar- 
trate of  sodium : 
a  precipitate  oc- 
curs in  the  case 
of  cinchonidine, 
and  no  precipi- 
tate in  that  of 
cinchonine. 

May  contain 
strychnine.  Agi- 
tate with  chloro- 
form and  separate 
ehloroformic  so- 
lution. Evapo- 
rate ehloroformic 
solution  and 
moisten  residue 
with  strong 
sulphuric  acid. 
Draw  across  the 
acid  film  a  small 
crystal  of  red 
shromate  of  po- 
tassium moist- 
ened with  sul- 
phuric acid,  when 
i  transient  play 
if  colours — violet 
o  red  =  strych- 
lime.  No  colours 
=no  strychnine, 
in  case  of  doubt 
idd  ammonia  to 
iriginal  solution, 
igitate  with 
shloroform,  and 
iroceed  as  be- 
lore. 

Green  Colour 
(thalleioquin). 

No  Green 
Colour. 

Solution  is  fluores- 
cent,    and  contains 
either  quinine  or  qui- 
nidine. Concentrate 
the  remainder  of  the 
solution    and  divide 
into  two  parts.  To 
one  add  iodide  of  po- 
tassium, and  to  the 
other  add  oxalate  of 
ammonium. 

The  former  precipi- 
tates  q  uinidine,  not 
quinine.     The  latter 
precipitates  quinine, 
not  quinidine. 

For  other  methods 
see  page  625. 

To  a  por- 
tion of  the 
acetic  solu- 
tion add  pot- 
ash, a  yel- 
lowish white 
precipitate  = 
beberine. 

[Table  2.    To  face  p.  649.] 


'IVE  Analysis  of  Ordinary  Scale  Compounds. 


r  Pyrophosphoric. 
en  I  Hypophosphorous  (generally  converted  into  pyrophosphoric). 
p  J  Sulphuric. 

q  )  Hydrochloric  (as  a  contamination). 
<j  /  Tartaric. 


•  Citric. 


Ignite  a  small  quantity  of  the  scale.  Heat  the  ash  with  nitric  acid, 
and  add  to  it  an  excess  of  solution  of  ammonium  molybdate  in  nitric 
acid,  and  boil. 


A  Yellow  Precipitate. 


Pyrophosphoric  or  hypo- 
phosphorous  acid.  Precipi- 
tate some  of  the  aqueous 
solution  with  potash,  filter, 
neutralize  with  nitric  acid, 
and  add  nitrate  of  silver. 


White  pre- 
cipitate solu- 
ble in  nitric 
acid  =  pyro- 
phosphoric 
acid. 


White  to 
black  preci- 
pitate solu- 
ble in  nitric 
acid  =  hypo- 
phosphorous 
acid. 


No  Yellow  Precipitate. 


Precipitate  some  of  the  aqueous 
solution  with  potash,  filter,  and  add 
to  a  portion  of  the  filtrate  a  slight 
excess  of  nitric  acid,  divide  into  two 
parts.  To  one  add  barium  chloride 
(ppt.  =  sulphuric  acid).  To  the  other 
add  silver  nitrate  (ppt.  =  hydrochloric 
acid).  Neutralize  another  portion  of 
the  potash  filtrate  with  nitric  acid 
and  add  silver  nitrate. 


Precipitate 
Grey  to  Black. 


Add  very  little 
ammonia  (not 
sufficient  to  dis- 
solve the  whole 
precipitate)  and 
heat.  A  silver 
mirror  =  tartaric 
acid. 

Calcium  chlor- 
ide and  lime  ppt. 
a  neutral  solution 
(if  concentrated) 
in  the  cold,  the 
precip.  redissolv- 
ing  on  boiling. 


Precipitate 
White. 


Citric  acid  gives 
imperfect  or  no 
mirror.  Calcium 
chloride  and  lime 
do  not  precipitate 
citric  acid  in  the 
cold,  but  upon 
boiling  (if  solu- 
tion be  sufficient- 
ly concentrated) 
precipitation  oc- 
curs. 


O 
i— t 


(  Ammonium  (often  e 
\     a  contamination). 
<  Ferric  Salt. 
I  Potassium. 
'  Sodium. 


Ammonium.— 'Boil  aque- 
ous solution  of  scale  with 
potash  and  test  vapour  for 
ammonia.  Filter  and  dis- 
solve precipitate  in  hydro- 
chloric acid,  and  test  the 
solution  for  iron  by  ferro- 
cyanide,  sulphocyanate,  etc. 

Potassium  and  sodium. — 
Ignite  a  small  quantity  of 
the  scale,  and  moisten  the 
residue  with  water.  Test 
moistened  residue  with  lit- 
mus-paper. If  alkaline,  ex- 
amine for  potassium  and 
sodium  by  the  colour  im- 
parted to  flame,  and  for 
potassium  by  the  platinum 
test. 


Confirm  tartaric  or  citric  acid. — To  slightly  acidified  potash  filtrate 
add  ammonia  in  slight  excess  and  considerable  quantity  of  chlorides 
of  ammonium  and  calcium.  Tartrates  are  precipitated  completely 
in  the  cold  with  agitation  and  rest  for  about  ten  minutes.  To  the 
solution  (or  filtrate,  if  tartrates  are  present)  add  three  volumes  of 
spirit  of  wine,  when  citrates  are  precipitated.  If  sulphates  have 
been  found,  disregard  a  slight  precipitate  with  spirit  of  wine. 


Compiled  by  A.  Sexier. 
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it  is  a  mixture  of  crystalline  cevadine,  insoluble  in  water, 
with  an  amorphous  isomeric  soluble  alkaloid,  veratridine. 
According  to  Lissauer  their  physiological  action  is  identical. 

Unguentum  Veratrince,  B.P.,  contains  eight  grains  of  the 
slightly  impure  alkaloid  obtained  as  just  described,  rubbed 
down  with  one  drachm  of  olive  oil,  and  diffused  through  one 
ounce  of  a  mixture  of  one  part  of  hard  and  three  parts  of  soft 
paraffin.   

QUESTIONS  AND  EXERCISES. 

How  is  aconitine  prepared  ?— Give  the  strength  of  the  official  prepara- 
tions of  atropine.— Describe  the  properties  of  atropine. — What  is  the 
active  principle  of  stramonium  ? — Mention  official  substances  containing 
beberine  and  berberine. — Give  the  characters  of  beberine. — In  what  does 
nectandrine  differ  from  beberine?  —  Mention  the  characteristics  of 
conine. — What  is  the  active  principle  of  ipecacuanha  ? — Name  the 
alkaloid  of  tobacco. — Give  the  properties  of  the  alkaloid  of  calabar  bean. 
— What  are  the  sources  of  piperine? — Whence  is  theine  obtained?  what 
is  its  relation  to  theobromine  ? — Describe  the  preparation  of  veratrine. — 
State  the  properties  of  veratrine. 


Here  the  student  is  recommended  to  qualitatively 
analyse  unnamed  specimens  (previously  selected  for 
him)  of  the  free  and  combined  organic  substances  in- 
cluded in  the  appended  tables  1  and  2. 


PROXIMATE  CONSTITUTENTS  OP  ANIMAL 
ORGANISMS. 

Proteid  Principles,  or  Albumenoids. 

Albumen. — Agitate,  thoroughly,  white  of  egg  (Ovi  Albu- 
men, B.P.)  with  water,  and  strain  off  the  liquid  from  the 
flocculent  membranous  insoluble  matter.  One  white  to  4 
ounces  of  water  forms  the  "  Solution  of  Albumen,"  B.P. 

Test. — Heat  a  portion  of  this  solution  of  albumen  to  the 
boiling-point ;  the  albumen  becomes  insoluble,  separating  in 
clots  or  coagula  of  characteristic  appearance. 

Other  Reactions. — Add  to  small  quantities  of  aqueous  solu- 
tion of  albumen  solutions  of  corrosive  sublimate,  nitrate  of 
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silver,  sulphate  of  copper,  acetate  of  lead,  alum,  perchloride 
of  tin ;  the  various  salts  not  only  coagulate  but  form  insol- 
uble compounds  with  albumen.  Hence  the  value  of  an  egg 
as  a  temporary  antidote  in  cases  of  poisoning  by  many 
metallic  salts,  its  administration  retarding  the  absorption 
of  the  poison  until  the  stomach-pump  or  other  means  can  be 
applied.  Sulphuric,  nitric,  and  hydrochloric  acids  precipitate 
albumen  ;  the  coagulum  is  slowly  re-dissolved  by  aid  of  heat, 
a  brown,  yellow,  or  purplish-red  colour  being  produced. 
Neither  acetic,  tartaric,  nor  organic  acids  generally,  except 
picric  and  gallo  tannic,  coagulate  albumen.  Alkalies  prevent 
the  precipitation  of  albumen. 

Yolk  or  Yelk  of  Egg  (Ovi  Vitellus,  B.P.)  contains  only  3 
per  cent,  of  albumen — the  white  12^.  The  yolk  also  con- 
tains 30  per  cent,  of  yellow  fat  and  14  of  casein,  with 
what  is  stated  to  be  another  proteid,  vitellin. 

Albumen  is  met  with  in  large  quantity  in  the  serum  of 
blood,  in  smaller  quantity  in  chyle  and  lymph,  and  in  the 
brain,  kidneys,  liver,  muscles,  and  pancreas.  It  is  not  a 
normal  constituent  of  saliva,  gastric  juice,  bile,  or  mucus,  but 
may  occur  during  inflammation.  It  is  found  in  the  urine  aud 
faeces  only  under  certain  diseased  states  of  the  system. 

The  cause  of  the  coagulation  of  albumen  by  heat  has  not 
yet  been  discovered. 

Albumen  has  never  been  obtained  sufficientl}'-  pure  to 
admit  of  its  composition  being  expressed  by  a  trustworthy 
formula ;  Gerhardt  regarded  it  as  a  sodium  compound 
(HNaC72HnoN18S022,H20). 

Egg-albumen,  and,  to  some  extent,  blood-albumen,  is 
largely  used  by  calico-printers  as  a  vehicle  for  colours, 
serving  also,  when  dry,  as  a  glaze.  Curriers  prize  egg-oil 
for  softening  leather. 

Albumen  coagulated  by  heat  is  said  to  be  recoverable  in 
a  scarcely  altered  fluid  condition  by  contact  with  a  dilute 
aqueous  solution  of  a  very  small  proportion  of  pepsin. 

Fibrin,  Casein,  Legumin. 

Fibrin  is  the  chief  constituent  of  muscular  tissue.  It  occur 
in  the  blood  in  the  form  of  a  very  unstable  compound  term 
fibrinogen  ;  and  its  liberation  from  this  union  and  spon 
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taneous  solidification  or  coagulation  is  the  cause  of  the 
clotting  of  blood  shortly  after  being  drawn  from  the  body. 
The  latter  phenomenon  cannot  at  present  be  explained  satis- 
factorily. Fibrin  may  be  obtained  by  whipping  fresh  blood 
with  a  bundle  of  twigs,  separating  the  adherent  fibres,  and 
washing  in  water  till  colourless.  It  may  be  kept  either  dry 
or  in  spirit  of  wine. 

Average  Composition  of  Blood  (in  1,000  parts). 
(Compiled  by  Kirkes.) 


hrematin,  7) 


^2 


2  °2 

s 


Water  .... 
Albumen  .... 
Fibrin  .... 
Bed  corupscles  (globulin,  123  ; 
Cholesterin 

Cerebrin  .... 
Serolin  .... 
Oleic  and  margaric  acids  . 
Volatile  and  odorous  fatty  acid 
Pat  containing  phosphorus 
Chloride  of  sodium  . 
Chloride  of  potassium 
Phosphate  of  sodium  (Na;)P04) 
Carbonate  of  sodium 
Sulphate  of  sodium  . 
Phosphates  of  calcium  and  magnesium 
Oxide  and  phosphate  of  iron 
Extractive   matters,  biliary  colouring-matter, 
and  accidental  substances 


0-08 
0-40 
0-02 


784 
70 
2-2 
130 


1-4 


gases, 


3-6 
■35 
•2 
•82 
•28 
•25 
■50 

0-4 


1000-0 


Percentage  Proportion  of  the  Chief  Constituents  of  Blood. 


Water                                             .       .  78-4 

Red  corpuscles  (solid  residue)      .       .       .  13-0 

Albumen  of  serum       .....  7-0 

Inorganic  salts   "6 

Extractive,  fatty  and  other  matters     .       .  "8 

Fibrin   -2 


100-0 

Casein  occurs  in  Cow's  Milk  (Lac,  B.P.)  to  the  extent  of 
about  4  per  cent.,  dissolved  by  a  trace  of  alkaline  salt.  Its 
solution  does  not  spontaneously  coagulate,  like  that  of  fibrin, 
nor  by  heat  like  albumen  ;  but  acids  cause  its  precipitation 
from  milk  in  the  form  of  a  curd  (cheese)  containing  the  fat- 
butter-)  globules  previously  suspended  in  the  milk,  a  clear 
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yellow  liquid  (or  whey)  remaining.  Curds  and  whey  are  also 
produced  on  adding  to  milk  a  piece,  or  an  infusion,  of  rennet, 
the  salted  and  dried  inner  membrane  of  the  fourth  stomach 
of  the  calf.  The  exact  action  of  rennet  is  not  known,  but 
it  seems  to  be  due  to  the  presence  of  a  milk-curdling  ferment 
which  is  not  an  acid,  and  not  pepsin,  and  which  appears  also 
to  occur  in  the  pancreatic  juice,  the  intestinal  juice,  and 
some  vegetable  juices.  Respecting  rennet  Soxhlet  says : 
"  60  to  80  grammes  of  calf's  stomach  steeped  for  five  days  in 
1  litre  of  a  5-per-cent.  solution  of  common  salt  at  ordinary 
temperatures,  yield  a  solution  of  which  1  vol.  will  coagulate 
10,000  vols,  of  new  milk  at  a  temperature  of  95°  F.  in  forty 
minutes.  If  the  filtered  solution  is  treated  with  60  to  90 
grammes  more  of  stomach,  a  solution  of  double  strength  is 
obtained  ;  another  repetition  gives  a  solution  three  times  the 
strength  of  the  original  one.  To  prevent  decomposition, 
about  0-3  per  cent,  of  thymol  may  be  added  to  the  concen- 
trated rennet  extract  solution.  Possibly  a  slight  taste  due 
to  this  may  be  detected  in  the  finest  cheese,  but  for  the  same 
reason  oil  of  cloves  is  much  more  objectionable.  Boric  acid 
is  on  all  accounts  the  best  antiseptic  to  employ,  and  solutions 
to  which  it  has  been  added  may  be  kept  in  covered  vessels 
for  months.  All  extract-solutions  lose  strength  on  keeping  ; 
during  the  first  two  months  the  solution  may  become  30  per 
cent,  weaker,  then  the  strength  remains  nearly  constant  for 
eight  months  in  the  case  of  a  solution  of  1  in  18,000.  Alcohol 
is  almost  as  good  an  antiseptic  as  boric  acid,  if  the  solution 
be  preserved  in  well-stoppered  flasks." 


Average  Composition  of  1,000  parts  of  Milk. 


Specific 
gravity. 

Water. 

Solid 
consti- 
tuents. 

Casein 
and  ex- 
tractive 

Sugar. 

nutter. 

Salts. 

Woman  . 
Cow   .  . 

1-030  to  1-034 
1-030  to  1-085 

870 
877 

130 
123 

27 
40 

00 
4G 

40 
30 

3 
7 

Leeds  put  the  average  composition  of  human  milk  at  2 
per  cent,  of  albnmoiioiils,  7  per  cent,  of  milk  sugar.  I  per 
cent,  of  fat  and  0'2  per  cent,  of  ash. 
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Specific  gravity  alone,  as  taken  by  the  i'orm  of  hydrometer 
termed  a  lactometer,  or  even  by  more  delicate  means,  is  of 
little  value  as  an  indication  of  the  richness  of  milk,  the 
butter  and  the  other  solids  exerting  an  influence  in  opposite 
directions.    Good  cow's  milk  affords  from  10  to  12  per  cent, 
by  volume  of  cream,  and  3  to  3|  per  cent,  of  butter.  The 
water  of  milk  seldom  varies  more  than  from  87  to  88  per 
cent.,  and  the  solid  constituents  from  13  to  12.  Indeed, 
excluding  its  butter,  milk  is  curiously  regular  in  composition. 
The  non-fatty  solids  in  the  mixed  milk  of  a  herd  or  dairy  of 
healthy  cows  is  almost  a  constant  quantity,  namely  9-3  per 
cent.    A  lower  proportion  of  non-fatty  solids  in  a  sample  of 
milk  points  to  the  addition  of  water.    Thus,  supposing  that 
100  grains  of  a  specimen  of  milk  evaporated  to  dryness,  and 
all  butter    extracted   from  the  residue  (previously  dis- 
integrated by  help  of  1  or  2  parts  of  dried  gypsum,  or  the 
dried  infusorial  earth  termed  Kiesclguhr)  by  ether  (or  placed 
on  blotting  paper  and  dried  and  exhausted  by  ether — Adams), 
yielded  a  non-fatty  residue  of  7*44  grains,  the  specimen  would 
probably  be  four-fifths  milk  and  one-fifth  water.*    For  if  9'3 
indicate  100,  then  7*44  indicate  80.     Occasionally,  under 
exceptional  circumstances,  a  sample  of  genuine  milk  might  be 
slightly  poorer  than  that  from  a  healthy  herd,  and  therefore, 
for  legal  purposes,  a  standard  of  9  per  cent,  by  weight  of  non- 
fatty  solids  and  2-5  per  cent,  of  butter-fat  has  been  proposed. 
Only  in  the  rare  cases  of  milk  containing  an  unusually  large 
proportion  of  butter-fat  would  any  milk  yielding  less  than  9 
per  cent,  of  non-fatty  solids  be  regarded  as  genuine.  And, 
again,  no  milk  would  be  considered  genuine,   under  this 
standard,  if  it  yielded  less  than  2-5  per  cent,  of  fat,  not  even 
in  the  rare  case  of  its  containing  an  unusually  large  propor- 
tion of  real  non-fatty  milk-solids.    Half-starved  cows  might 
yield  milk  below  these  standards  ;  but  it  could  scarcely  be 
considered  to  be  normal,  or  better  fitted  for  food  than  milk 
watered  after  leaving  the  cow.    If,  however,  such  milk  is 
to  be  regarded  as  genuine,  the  standard  of  8-5  of  non-fatty 
solids  will  not  be  too  low. 

Ewe's  milk  is  much  richer  than  either  human  or  cow's  milk. 
Under  the  microscope  milk  is  seen  to  consist  of  minute 
corpuscles  floating  in  a  transparent  medium.     These  cor- 

*  Soxhlet  determines  fat  by  noting  the  specific  gravity  of  an  ethereal 
solution  and  then  referring  to  tables  showing  percentage  of  fat  in  ethcroal 
solutions  of  varying  specilic  gravity. 
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puscles  consist  of  the  fatty  matter  (butter),  said  to  be  con- 
tained in  a  filmy  albumenoid  envelope.  The  fat  is  fluid  at 
the  normal  temperature  of  the  animal,  and  remains  so  until 
the  milk  is  well  agitated  by  churning  or  otherwise,  or  until 
the  milk  is  frozen. 

Legumin,  or  vegetable  casein,  is  found  in  most  leguminous 
seeds,  and  in  sweet  and  bitter  almonds.  Peas  contain  about 
25  per  cent,  of  legumin. 

Vegetable  albumen  is  contained  in  many  plant-juices,  and 
is  deposited  in  flocculi  on  heating  such  liquids.  Vegetable 
fibrin  is  the  name  given  by  Liebig  and  Dumas  to  that  portion 
of  the  gluten  of  wheat  which  is  insoluble  in  alcohol  and 
ether.  Spongine,  the  organic  matter  of  sponge,  appears  to 
be  a  proteid. 

Albumenoid  substances  are  nearly  identical  in  percentage 
composition.  Albumen  and  fibrin  contain  53*5  of  carbon, 
7  of  hydrogen,  15-5  of  nitrogen,  22  of  oxygen,  1*6  of  sulphur 
and  4  of  phosphorus.  Casein  contains  no  phosphorus.  These 
three  bodies  Liebig  termed  the  plastic  elements  of  nutrition, 
under  the  assumption  that  animals  directly  assimilate  them 
in  forming  muscles,  nerves  and  other  tissues, — starch,  sugar 
and  similar  matter  forming  the  respiratory  materials  of  food, 
because  more  immediately  concerned  in  keeping  up  the  tem- 
perature of  the  body  by  the  combustion  going  on  between 
them,  and  their  products,  and  the  oxygen  of  the  air  in  the 
blood ;  but  the  classes  are  scarcely  so  well  differentiated  as 
the  terms  would  imply. 

The  whole  of  the  organic  nitrogen  in  food  must  not  more- 
over be  regarded  as  representing  true  albumenoids,  some 
existing  as  amidic  and  similar  compounds,  bodies  having  a 
simplicity  of  composition  characteristic  of  the  products  of 
physiological  action  on  food,  rather  than  that  complexity  of 
composition  characteristic  of  true  nutrients.  Albumenoids  in 
decomposing  yield  much  fatty  matter  as  well  as  other  sub- 
stances. Possibly  a  portion,  at  least,  of  the  adipoccre  (adeps, 
fat ;  cera,  wax),  or  corpse-fat,  characteristic  of  the  remains 
of  buried  animals,  is  thus  derived. 

Albumenoids  are  divided,  according  to  their  solubility  in 
water  and  certain  saline  solutions  such  as  ammonium  sul- 
phate, into  "  albumens  "  or  "  albumins  "  "  globulins  "  "  albu- 
moses  "  "  peptones,"  etc.  To  the  second  of  these  classes  the 
poisons  of  most  venomous  snakes  probably  belong,  and  a 
globulin  and  an  albumose,  each  harmless  when  swallowed, 
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but  extremely  poisonous  when  injected  into  the  blood,  occur 
in  the  seeds  of  Abrus  prccatorius  ( Jequirity). 

Musk  (Moschus,  B.P.).,  "  the  dried  secretion  from  the 
preputial  follicles  of  Moschus  moschiferus  "  (the  Musk-deer), 
is  a  mixture  of  albumenoid,  fatty,  and  other  animal  matters 
with  a  volatile  odorous  substance  of  unknown  composition. 
"  Artificial  Musk  "  a  synthetical  compound  having  an  odour 
resembling  in  quality  and  power  that  of  natural  musk,  is 
trinitro-isobutyl-toluene  C6HOH3,  C(CH3)3,(N02)3. 

Gelatigenous  Substances. 

These  nitrogenous  bodies  differ,  chemically,  from  the  albu- 
menoid in  containing  less  carbon  and  sulphur  and  more 
nitrogen.  They  are  contained  in  certain  animal  tissues,  and 
on  boiling  with  water  yield  a  solution  which  has  the  remark- 
able property  of  solidifying  to  a  jelly  on  cooling.  The 
tendons,  ligaments,  bones,  skin,  and  serous  membranes  afford 
gelatine  proper ;  the  cartilages  give  chondrine,  which  differs 
from  gelatine  in  composition  and  in  being  precipitated  by 
vegetable  acids,  alum,  and  the  acetates  of  lead.  The  purest 
source  of  gelatine  is  isinglass  (B.P.),  "  the  swimming-bladder 
or  sound  of  various  species  of  Acipenscr,  Linn.,  prepared  and 
cut  in  fine  shreds."  Small  quantities  are  more  easily  dis- 
integrated by  a  file  than  a  knife.  Fifty  grains  dissolved  in 
5  ounces  of  distilled  water  forms  the  official  "  Solution 
of  Isinglass,"  B.P.  Gelatine  (Gelatinum,  B.P.)  is  officially 
defined  as  "  the  air-dried  product  of  the  action  of  boiling  water 
on  gelatigenous  animal  tissues,  such  as  skin,  tendons,  liga- 
ments, and  bones."  Glue  is  an  impure  variety  of  gelatine, 
made  from  the  trimmings  of  hides  ;  size  is  glue  of  inferior 
tenacity,  prepared  from  the  parings  of  parchment  and  thin 
skins.  "  Among  the  varieties  of  gelatine  derived  from  dif- 
ferent tissues  and  from  the  same  sources  at  different  ages, 
much  diversity  exists  as  to  the  firmness  and  other  characters 
of  the  solid  formed  on  the  cooling  of  the  solutions.  The 
differences  between  isinglass,  size,  and  glue,  in  this  respect, 
are  familiarly  known,  and  afford  good  examples  of  the 
varieties  called  weak  and  strong,  or  low  and  high  gelatines. 
The  differences  are  sometimes  ascribed  to  the  quantities  of 
water  combined  in  each  case  with  the  pure  or  anhydrous 
gelatine,  part  of  which  water  seems  to  be  intimately  united 
with  the  gelatine  ;  for  no  artificial  addition  of  water  to  glue 
would  give  it  the  character  of  size,  nor  would  any  abstraction 
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of  water  from  isinglass  or  size  convert  it  into  the  hard  dry 
substance  of  glue.  But  such  a  change  is  effected  in  the 
gradual  process  of  nutrition  of  the  tissues  ;  for,  as  a  general 
rule,  the  tissues  of  an  old  animal  yield  a  much  firmer  or 
stronger  jelly  than  the  corresponding  parts  of  a  young  ani- 
mal of  the  same  species."    (Kirke's  Physiology.) 

Gelatine  is  supposed  by  some  to  be  a  glucoside,  yielding 
an  ammonium  salt  when  boiled  with  diluted  acids.  It  ap- 
pears to  unite  chemically  with  a  portion  of  the  water  in  which 
it  is  soaked  when  used  for  culinary  or  manufacturing  pur- 
poses, for  a  solution  of  glue  in  hot  anhydrous  glycerine  does 
not  yield  an  ordinary  jelly  on  cooling.  Prom  its  solution  in 
water,  gelatine  is  precipitated  by  alcohol,  corrosive  sublimate, 
perchloride  of  platinum,  and  by  tannic  acid.  Its  aqueous 
solution  is  not,  like  that  of  albumen,  coagulated  by  heat,  nor 
is  it  precipitated  by  acids.  By  prolonged  ebullition  its 
gelatinizing  power  is  destroyed. 

Pepsin. 

Pepsin  (from  7re7n-a>,  pcpto,  I  digest)  is  a  nitrogenous  sub- 
stance existing  in  the  gastric  juice,  and  as  a  viscid  matter  in 
the  peptic  glands  and  on  the  walls  of  the  stomachs  of  animals. 
It  appears  to  be  a  modification  of  a  precursor  termed  pro- 
pepsin, stomachs  not  yielding  so  much  pepsin  when  quite 
fresh  as  after  twenty-four  hours.  To  isolate  pepsin,  the 
cleansed  mucous  membrane  of  the  stomach  (of  the  hog,  sheep, 
or  calf,  killed  fasting)  is  scraped,  and  macerated,  with  the 
scrapings,  in  cold  water  for  twelve  hours ;  the  pepsin  in  the 
strained  liquid  is  then  precipitated  by  acetate  of  lead,  the 
deposit  washed  once  or  twice  by  decantation,  sulphuretted 
hydrogen  passed  through  the  mixture  of  the  deposit  with  a 
little  water  to  remove  the  whole  of  the  lead,  and  the  filtered 
liquid  evaporated  to  dryness  at  a  temperature  not  exceeding 
105°  F.  Pepsin  is  a  powerful  promoter  of  digestion;  its 
solution  is  hence  frequently  termed  artificial  gastric  juice. 
As  met  with  in  pharmacy,  its  strength  varies  greatly.  It  is 
often  prepared  by  simply  mixing  with  starch  the  thick  liquid 
obtained  on  macerating  the  scraped  stomach  with  water,  and 
evaporating  to  dryness.  {Vide  Pharmaceutical  Journal, 
1865-66,  p.  112,  and  1871-72,  pp.  785  and  843.)  The  official 
process  {Pepsin,  B.P.)  simply  consists  in  scraping  the  viscid 
pulp  from  the  slightly  washed  inner  surface  of  the  stomach 
and  quickly  evaporating  it  to  dryness  on  glass  or  glazed 
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earthenware  at  a  temperature  not  exceeding  100°  F.  The 
product  is  powdered.  "A  light  yellowish-brown  powder, 
having  a  faint  but  not  disagreeable  odour,  and  a  slightly 
saline  taste,  without  any  indication  of  putrescence.  Very 
little  soluble  in  water  or  spirit.  Two  grains  of  it,  with  an 
ounce  of  distilled  water,  to  which  5  minims  of  hydrochloric 
acid  have  been  added,  form  a  mixture  in  which  at  least  100 
grains  of  hard-boiled  white  of  egg,  passed  through  wire  gauze 
of  36  meshes  per  linear  inch,  and  made  of  No.  32  brass  or 
copper  wire,  will  dissolve  on  their  being  well  mixed,  digested 
and  well  stirred  together  for  thirty  minutes  at  a  temperature 
of  130°  F.  (54-4°  C.)."  The  solvent  or  digestive  action  of 
pepsin  on  the  albumenoids,  etc.,  in  the  stomach  results  in  a 
nutritive  and  digestive  fluid  termed  peptone,  forming  a  por- 
tion of  the  whole  product  of  stomach-digestion  or  chyme.  It 
is  thus  that  such  food  is  prepared  for  conversion  into  blood. 
Artificial  or  alimentary  peptone  may  be  made  by  digesting 
blood  fibrin  with  pepsin  in  very  weak  hydrochloric  acid. 
Clermont  prepares  alimentary  peptone  in  solution  by  heating 
40  parts  of  minced  meat  with  30  of  water  and  1  of  sulphuric 
acid  in  a  sealed  tube,  filtering  and  evaporating  the  resulting 
fluid  to  dryness  and  treating  the  residue  with  water.  The 
solution  is  not  precipitated  by  hydrochloric,  acetic,  or  nitric 
acid  ;  when  diluted  with  strong  90-per-cent.  alcohol,  it  gives 
an  abundant  precipitate ;  and  it  is  precipitated  by  tannin, 
mercuric  chloride,  and  platinic  chloride.  Peptone  is  not 
readily  coagulated  by  heat,  and  it  freely  diffuses  through 
membranes.  It  appears  to  be  isomeric  with  albumen.  Pro- 
peptone,  para-peptone,  or  hemialbumose,  is  a  mixture  of  sub- 
stances intermediate  between  albumen  and  peptone.  It 
readily  diffuses  through  membranes.  Some  vegetables, 
notably  the  leaves  of  the  papaw  tree,  Carica  papaya,  appear 
to  contain  a  principle,  "  papain,"  analogous  in  properties  to 
pepsin.    According  to  Wurtz,  papain  is  an  albumenoid. 

(For  a  resume  of  the  modes  of  preparing  pepsin,  see  an 
article  by  Petit  in  the  Pharmaceutical  Journal  for  July  17, 
1880.) 

Pancueatin. 

The  pancreas  (or  "  sweetbread ")  secretes  a  colourless 
fluid  which  contains  H  to  2|  per  cent,  of  an  albumenoid 
su  Instance,  which  has  tho  power  of  converting  starch  into 
sugar  and,  especially,  of  emulsifying  fat.    It  may  be  preci- 
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pitated  by  cliloride  of  sodium  from  an  acidulated  infusion 
of  the  pancreas.  Stutzer  obtains  a  powerful  extract  by 
digesting  the  pancreas  in  lime-water  and  glycerine  with  free 
exposure  to  air.  It  is  soluble  in  cold  water.  An  extremely 
small  proportion  emulsifies  a  large  volume  of  fat.  The 
pancreatic  juice  would  seem  to  contain  four  distinct  fer- 
ments, namely,  the  emulsifying  principle,  the  milk-curdling 
ferment,  pancreatic  diastase,  and  a  pepsin-like  substance 
termed  trypsin,  which,  unlike  pepsin,  attacks  albumenoids 
in  neutral  or  even  slightly  alkaline  fluids. 

Bile. 

The  gall  or  bile  of  the  ox  (Bos  taurus,  Linn.),  evaporated 
to  one-fourth  of  its  bulk  and  freed  from  mucus  by  agitating 
with  twice  its  bulk  of  rectified  spirit  (in  which  mucus  is 
insoluble),  filtering  and  evaporating,  yields  the  official  Puri- 
fied Ox-Bile  (Fel  Bovinum  Purificatum,  B.P.):  the  latter  has 
the  appearance  of  a  yellowish-green  soft  resin,  but  is  chiefly 
composed  of  two  crystalline  substances  having  the  consti- 
tution of  a  soap ;  the  one  is  termed  taurocholate  of  sodium 
(NaG,6H44N07S),  the  other  is  glycocholate,  or  simply  cholate, 
of  so'dium,  (NaC,6H41,NOG).  Both  taurocholates  and  glyco- 
c'holates  are  conjugated  bodies  readily  yielding,  the  former 
cholic  or  cholalic  acid  (HC24H3905)  and  taurine  (C2H7N0.5S), 
the  latter  cholalic  acid  and  glycocine  or  glycocoll  or  amidacctiv 
acid  CH2(NH2)COOH,  a  soluble  crystalline  body  having 
interesting  physiological  relations,  for  it  is  obtainable  from 
gelatine  (hence  the  name  glycocoll  or  sugar  of  gelatine, 
from  ykvKw,  glucils,  sweet,  and  K6\\a,  kolla,  glue)  and  from 
hippuric  acid.  Choline  (C5H15N02)  is  an  alkaloid  originally 
found  in  bile,  hence  its  name  (Xo\^,  cholc,  bile),  but  it  occurs 
in  the  brain,  etc.,  in  cod-liver  oil,  and  in  plants— ergot,  Indian 
hemp,  ipecacuanha,  etc.    (Vide  Index,  "  Choline.") 

Tests  for  Bile— -The  presence  of  bile  in  a  liquid,  such  as 
urine,  may  be  detected  by  the  following  tests.  The  fluid 
is  gradually  mixed  with  half  its  bulk  of  strong  sulphuric 
acid  in  a  test-tube,  rise  of  temperature  being -prevented  by 
partial  immersion  of  the  tube  in  water.  A  small  quantity 
of  powdered  white  sugar  is  then  introduced  and  well  mixed 
with  the  acid  liquid,  and  more  sulphuric  acid  then  poured  m  ; 
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as  the  temperature  rises,  a  reddish  or  violet  coloration  is  pro- 
duced. The  cholalic  acid  liberated  in  the  reaction  furnishes 
the  colour.  This  is  Pettenkof er's  test.  It  is  somewhat  inter- 
fered with  by  albumen  and  volatile  oils.  Quinlan  tests  for 
bile  by  placing  a  three-millimetre  stratum  of  the  suspected 
fluid  before  the  slit  of  the  spectroscope,  and  observing  the 
absorption,  which  extends,  according  to  the  amount  present, 
from  the  violet  of  the  spectrum  to  the  Fraunhofer  line  D. 


QUESTIONS  AND  EXEECISES. 

In  what  form  is  albumen  familiar  ?— Name  the  chief  tests  for  albumen. 
— Why  is  the  administration  of  albumen  useful  in  cases  of  poisoning  ? — 
Mention  the  points  of  difference  between  yolk  and  white  of  egg.— From 
what  sources  other  than  egg  may  albumen  be  obtained?— In  what  re- 
spects does  fibrin  differ  from  albumen  ?—  Enumerate  the  chief  constitu- 
ents of  blood.— How  may  fibrin  be  obtained  from  blood? — State  the 
difference  between  casein,  fibrin  and  albumen.— What  are  the  relations 
of  cream,  butter,  curds  and  whey,  and  cheese  to  milk  ?— Describe  the 
microscopic  appearances  of  blood  and  milk. — How  much  cream  should 
be  obtained  from  good  mills;  ?— What  is  the  percentage  of  water  in  genuine 
milk ?— Name  the  sources  of  vegetable  albumen  and  vegetable  casein- 
Give  the  percentage  of  nitrogen  in  albumenoid  substances. — Describe  the 
chemical  nature  of  musk.— In  what  lie  the  peculiarities  of  gelatigenous 
substances?  — To  what  extent  do  isinglass,  glue,  and  size  differ?— Whence 
is  pepsin  obtained,  and  how  prepared  ?— Give  the  proximate  constituents 
of  bile. — What  are  the  tests  for  bile? 


COLOURING  MATTERS. 

The  animal,  vegetable,  and  mineral  kingdoms  abound  in 
substances  or  pigments  which  powerfully  decompose  light, 
absorbing  certain  of  its  constituent  colours,  and  reflecting 
the  others.  Thus,  for  example,  most  leaves  contain  a  body 
termed  chlorophyll,  which  has  the  property  of  absorbing  red 
light  and  reflecting  green  ;  these  reflected  rays  entering  the 
eye  of  an  observer,  and  striking  on  the  retina  (the  expanded 
extremity  of  the  optic  nerve),  always  communicate  the  same 
impression  to  the  brain ;  in  popular  language  the  leaf  is  said 
to  be  green.  Art  has  richly  supplemented  the  number  of 
such  natural  colouring  matters. 

Yellow. — 1.  Chrome  yellow  occurs  in  more  than  a  dozen 
shades  (see  Lead,  chroma  to  of).    2.  Fustic  or  yellow  wood  is 
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the  wood  of  the  Rhus  Cotinus.    3.  Gamboge  (see  Gamboge). 

4.  Ochre  is  met  with  of  many  tints,  under  the  names  of  yellow 
ochre,  gold  yellow,  gold  earth  or  ochre,  yellow  sienna,  Chinese 
yellow.  It  is  chiefly  a  mixture  of  oxyhydrates  of  iron  with 
alumina  and  lime.    It  has  been  used  from  the  earliest  times. 

5.  Orpiment  is  a  sulphide  of  arsenium  (As2S3).  6.  Persian 
berries,  or  Avignon  grains,  contain  a  yellow  principle  termed 
rhamnin  and  other  crystalline  bodies  ;  they  are  the  product 
of  two  or  three  species  of  Ehamnus.  7.  Purree,  or  Indian 
yellow,  is  said  by  Stenhouse  to  owe  its  colour  to  purrate  or 
euxanthate  of  magnesium  (MgC42H34023).  8  Quercitron  is 
the  bark  of  Quercus  tinctoria:  it  contains  the  yellow  gly- 
coside, quercitrin  (C3RH38O20).  9.  Rhubarb  (see  Chrysophanic 
acid,  p.  399).  10.  Saffron  (Crocus,  B.P.),  the  dried  stigma 
and  part  of  the  style  of  Crocus  sativus,  yields  safframn  or 
polychroite,  an  orange-red  glucoside,  which,  by  the  action  oi 
dilute  acids  and  by  other  means,  breaks  up  as  shown  m  tlie 
following  equation,  yielding  red  crocm  (Weiss). 

C48Hd0O13    +    H20    =    2(01BH1806)    +    C10H14O    +  C*BK0G- 
PoTychroite.        Water.  Crooin.        Vol.  oil  of  saffron.  Sugar. 

Kayser,  however,   gives  the  formula  of  pure  crocin  as 
C  Jj7n02R,  and  states  that  by  absorption  of  water,  7H2U,  it 
yglds°pure  crocetin,  C34H4G09,  and  sugar,  9C6H120G.  Any 
admixture  of  carbonate  of  calcium,  sulphates  of  banum  oi 
calcium,  or  similar  powder,  with  saffron,  is  readily  detected 
on  placing  a  little  in  a  glass  of  warm  water .  and jtirrmg, 
when  insoluble  powder  is  deposited.     "  Ignited  with iree 
access  of  air,  it  should  yield  not  more  than  6  per  cent,  of 
ash"  (BP)    11.  Turmeric,  the  rhizome  of  Curcuma  longa 
owes  its'  yellow  colour  to  curcumin,  a  resin,  the  formula  ol 
which  is7said  by  Daube  to  be  C10H1()O3,  and  by  Iwauof 
C16H1G04.    Jackson  and  Menke  state  that  curcumin  is  an 
ac  d,  and  that  its  formula  is  HaC14H120,  Apparently ^o  yd- 
low  pigments  are  present.    The  colouring-matters  of  tuimei  c 
are  readily  dissolved  by  chloroform,  not  so  those  of  saff on, 
mustard   or  the  best  East-Indian  rhubarb,  on  which  fact 
o?  detecting  turmeric  in  those  ^^im) 
founded.  (Howie,  Pharmaceutical  Journal,  Nojemberl^SO 
12.  Weld  (Reseda  I  at  cola)  contains  a_  durable yeU ^  ™*» 
termed  luteolin  (C20H14O8)    18.  Picric  <*£*^J%^ 
541)  is  a  very  powerful  yellow  dye.    14.  Dried  and  powclei  ea 
carrots  bisulphide  of  carbon  a  yellow  colouring- 
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matter,  "carrotin,"  which  is  obtained  on  evaporating  the 
solvent.    It  is  said  to  be  used  in  colouring  butter. 

Red. — 1.  Alkanet,  the  root  of  Alkanna  tinctoria,  Tausch, 
Anchusa  tinctoria,~DesL,  yields  anclmsin  (C35H40O8),  a  resin- 
oid  matter  soluble  in  oils  and  fat.    2.  Annatto,  arnatto,  or 
arnotto,  a  paste  prepared  by  evaporating  a  strained  aqueous 
extract  of  the  seeds   of  Bixa  Orellana,  contains^  bixin 
(Cc,8H3405)  an  orange-red,  and  orellin  a  yellow  principle. 
3.  'Brazil-wood  {Ccesalpinia  Brasiliensis)  furnishes  brezilin, 
CltJH1405,  the  basis  of  several  lakes  ;  sapan-wood  and  cam- 
wood probably  contain  the  same  substance.    4.  Cinnabar, 
Chinese  red,  Vermilion,  or  Paris  red,  is  mercuric  sulphide. 
It  is  a  very  ancient  red  pigment.    5.  Chrome-red  is  an  oxy- 
chromate  of  lead.     6.  Cochineal  (p.  398).     7.  Madder,  the 
root  of  Rubia  tinctoria,  powdered  and  treated  with  sul- 
phuric acid  and  acidulated  water  to  effect  the  removal  of 
earthy  and  other  inert  matters,  furnishes  a  residual  powder 
termed  garancin.     Grarancin  yields  to  pure  water  alizarin 
(C14H10O4,  3H20),  the  red,  neutral,  crystallizable  colouring- 
matter  of  madder.    Alizarin  does  not  exist  ready  formed  in 
the  plant,  but  is  derived,  by  fermentation,  from  a  glucoside, 
termed  rubianic  acid.    Alizarin  is  now  largely  _  produced 
artificially  from  anthracene,  one  of  the  solid  constituents  of 
coal-tar  {see  p.  518).    8.  Mulberry-juice  {Mori  Succus,  B.P.) 
contains  a  violet-red  colouring-matter  which  has  not  been 
chemically  examined.    9.  Red  lead  (p.  243).    This  and  the 
following  ochre  are  very  ancient  red  colouring-matters.  10. 
Red  oxide  of  iron,  of  shades  varying  from  light  to  brown- 
red,  is  found  native     The  common  names  of  it  are  Armenian 
bole,  Berlin  red,  colcothar,  English  red,  red  ochre,  burnt 
ochre,  red  earth,  terra  di  sienna,  mineral  purple,  stone-red, 
and  Indian  red.    11.  Red  sanders-ioood  or  Red  sandal-wood^ 
or  barwood  {Pterocarpi  Lignum,  B.P.)  the  billets  and  chips  of 
Pterocarpus  santalinus,  owes  its  colour  to  santalin  (C14H1204), 
a  crystalline  resinoid   matter.      Crystalline  pterocarpin, 
C10H8O3,  and  homopterocarpin,  C12H1203,  are  also  present 
(Cazeneuve).    12.  Red-Poppy  Petals  {Rhmados  Pctala^  B.P.), 
from  the  Papaver  Rhozas,  contain  a  red  colouring  principle 
which  has  not  yet  been  isolated  in  a  state  of  purity.  The 
author  has  sought  for  morphine  in  large  quantities  of  the 
petals,  but  could  not  find  a  trace  of  that  alkaloid.     13.  Red- 
Rose  Petals  (Rosce  GaUicce  Pctala,  B.P.),  and  those  of  the 
Cabbage-Ptoso  {Rosa:  Ccntifoliai  Pctala,  B.P.),  also  yield  a 
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red  substance  which  has  not  been  analysed.     14.  Saffloicer, 
dyer's  saffron,  or  bastard  saffron,  the  florets  of  Carthamus 
tinctorius,  contains  an  unimportant  yellow  dye,  and  5  per 
cent,  of  carthamin  (C14H1(i07),  an  uncrystalhzable  red  dye, 
the  pigment  of  the  old  pink  saucers.    Carthamm  seems  to 
possess  acid  characters,  and  (like  silicic  acid  and  other  sub- 
stances) to  be  soluble  in  water  for  a  certain  time  after  libera- 
tion from  its  alkaline  solution;  for  fabrics  are  dyed  with 
safflower  by  immersion  in  a  bath  made  of  an  infusion  m  dilute 
alkali  neutralized  by  citric  acid  immediately  before  use  the 
carthamin  probably  penetrating  the  cells  and  vessels  ot  the 
fibres  in  a  soluble  form,  there  becoming  insoluble  and  im- 
prisoned, and  thus  giving  permanent  colour  to  the  wool,  silk, 
or  other  material.     Mixed  with  Trench  chalk,  carthamm  is 
used  as  a  cosmetic  under  the  name  of  vegetable  rouge-car- 
mine being  animal  rouge,  and  red  oxide  of  iron  the  mineral 
rouae     15.  Lac-dye  is  a  cheap  form  of  cochineal,  and  is  also 
vielded  by  the  species  of  Coccus  whose  resinous  excretion 
constitutes  lac  (stick-lac,  seed-lac,  or  shell-lac  according  to  its 
condition  as  gathered  off  the  twigs  on  which  it  is  deposited 
or  as  roughly  separated  from  impurities  m  seed-like  powdei 
or  lumps>  as  melted  and  squeezed  through  bags  into  she  - 
like  pieces).    16.  Logwood  [Haxnatoxyli  Lignimi,B.^ con- 
tains a  yellow  substance,  hcematoxyhn  (016MMU(;,±l2u  or 
which  any  medicinal  usefulness  of  the  wood  is 
™rhans  due  and  which,  under  the  influence  of  air  and  alkali 
rSents,' assumes  a' very  intense  red  -jour-Z^n. 
Under  the  nfluence  of  ammonia  and  air  also  hematoxylin 
yields  greenish-violet  iridescent  scales  of  this  hcematcm 
7n  TT  O3H01     17.  Red  enamel  colours,  for  glass-staining 
£3  ceramic*  operations,  are  produced  either  by  cuprous 
silicate  or  purple  of  Cassius  (p.  285).  , 

Sul-1.  Cobalt  oxide  precipitated  m  combination  or  ad- 
mixture with  alumina  or  phosphate  of  calcium  onus  T U- 
nalSs  blue,  cobalt-blue,  Iloffner's  blue  and  cobalUc  uUm- 
marine  2  Smalt,  Saxony  blue,  or  King's  blue  is  lough 
Salt  glass  in  fine  powder  (p.  269).  3.  Copper-blue,  moun- 
S£«Sid  English  or  Hambro'bluc 
bonatos  of  copper.  4.  Indigo  C16H,0N2O 2  Somma^n  a  p. 
330).  5.  Litmus,  lichen-blue,  turnsole  orchil  oi 
cldbear,,ve  products  of  the  action  f  jf  8  ^ 

certain  colourless  principles,  as  orcm  (Cfr  OH 
rived  from  different  species  of  lichen- Koccclla,  vanoian 
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and  Lecanora.  6.  Prussian  blue  (p.  403)  and  TurnbulVs 
blue  (p.  404)  are  met  with  under  the  names  of  Erlangen, 
Louisa,  Saxon,  Paris,  or  Berlin  blue.  7.  Ultramarine,  a 
very  old  blue  pigment,  formerly  obtained  from  the  rare 
mineral,  lapis  lazuli,  is  now  cheaply  made  on  a  large  scale 
by  roasting  a  mixture  of  fine  white  clay,  carbonate  of  sodium, 
sulphur  and  charcoal  or  rosin.  Its  constitution  is  not  well 
made  out.  Acids  decompose  it,  sulphuretted  hydrogen  es- 
caping. 

Purple. — See  Murexid,  p.  428. 

Green.— 1.  Cupro-arsenical  green  pigments  (page  200). 
Most  of  the  ancient  greens  contain  carbonate  of  copper.  The 
old  emerald  green  is  a  hydrous  oxide  of  chromium,  but  aceto- 
arsenite  of  copper  is  now  sold  under  this  name.  2.  Chloro- 
phyll, leaf-green,  or  chromule.  A  method  of  extracting 
chlorophyll  is  given  under  "  Extracts  "  {vide  Index).  It  is 
resinoid,  soluble  in  alcohol  and  ether,  insoluble  in  water,  and, 
according  to  Fremy  and  to  Schunck,  consists  of  a  blue  sub- 
stance, phyllocyanin,  (C34H68N40,7  ?),  and  a  yellow,  phyllox- 
anthin  ;  the  yellow  tints  in  fading  autumnal  leaves,  he  says, 
are  due  to  the  latter  principle,  the  former  being  the  first  to 
fade.  Chlorophyll  would  probably  well  repay  extended  in- 
vestigation, as  it  has  never  been  obtained  pure.  3.  Sap-green, 
buckthorn-,  vegetable-,  or  bladder-green,  known  also  as 
Chinese  green,  or  lokas,  is  obtained  by  evaporating  to  dry- 
ness a  mixture  of  lime  and  the  juice  (Rhamni  Sttccus,  B.P., 
1867)  of  the  berries  of  buckthorn  (Rhamnus  catharticus). 
It  is  soluble  in  water,  slightly  in  alcohol,  and  insoluble  in 
ether  and  oils.  4.  Green  ultramarine  is  made  by  a  process 
similar  to  that  for  blue  ultramarine.  5.  Mixtures  of  blue 
and  yellow  pigments  and  dyes  are  common  sources  of  green 
colours.  6.  Glass  and  earthenware  are  coloured  green  by 
oxide  of  chromium  and  black  oxide  of  copper. 

Brown. — 1.  Umber,  sienna,  or  chestnut-brotcn  is  found 
native.  By  heat  it  is  darkened  in  tint,  and  is  then  known 
as  burnt  umber.  It  is  a  mixture  of  oxide  of  iron,  silica,  and 
alumina.  2.  Sepia  is  a  dried  fluid  from  the  ink-bag  of 
cuttle-fishes  (Scpiadce) ;  by  its  ejection  into  adjacent  water 
the  animal  is  said  to  obtain  opportunity  of  escape  from 
enemies.  3.  Catechu  (p.  424)  furnishes  a  brown  colouring- 
matter. 

Black.— 1.  Blacklead  (p.  22),  bone-black  (p.  122),  or  ivory- 
black  and  lamp-black,  the  latter  a  deposited  soot  from  the  in- 
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complete  combustion  of  resin  and  tar,  are  varieties  of  carbon. 
2  Burnt  sugar,  or  caramel  (p.  561 ).    3.  Indian  ink  is  usual ly 
a  dried  mixture  of  fine  lampblack  and  size  or  thin  glue.  4. 
Black  ink  is  essentially  tannates  and  gallates  of  iron  sus- 
pended  in  water  containing  a  little  gum  m  solution.  5. 
Printer's  ink  is  well  boiled  linseed  or  other  oil,  mixed  with 
good  lampblack,  vermilion,  or  other  pigment    6  Black  dyes 
are  of  the  same  nature  as  ink.    7.  The  old  « mgmentum 
nigrum"  of  black  feathers,  such  as  those  of  the  common 
rook,  of  dark  hair,  and  probably  also  of  the  skin  of  the  negro 
is  doubtless,  the  black  substance  which  remains  undissolved 
when  black  feathers  are  digested  for  some  time  m  dilute  sul- 
phuric acid.    It  is  said  to  have  the  formula  U18H16iN2U8 
(Hodgkinson  and  Sorby.)  g 
White  Pigments.- 1.  Chalk  or  whxtmg  (p.  121).  A. 
French  chalk,  steatite,  or  soapstone,  is  largely  silicate  oi 

^,c"  .  'o  TrPf1±,  Mhite  (n  112).  4.  Pcarl-ichite  (p. 
magnesium.     6.  Heavy  tvnue  |p.  \i 

292).    5.  Plaster  of  Paris  (p.  114).    6  Starch  (p.  563)  7 
mite  lead  or  Cremnitz  white  (p.  241).    8 .  Zinc  white  or 
o££*  i»Mte  (p.  149).    9.  "Constant"  * 
of  barium    10.  Flake  tvhite  is  basic  nitrate  of  bismuth.  11. 
Oxides  of  tin  and  zinc  and  phosphate  of  calcium  are  em- 
nloved  for  living  a  white  opacity  to  glass. 
P  Tniline^Colours.   Coal-tar  cokmrs.- Within  the  last  ten 
vears  nearly  every  shade  of  colour  seen  m  the  animal  and 
Sable  kfn'doms  has  been  successfully  imitated  by  certain 
dySe    and  Plants  primarily  derived  from  a  mmeral coal 
fW  distilled  for  gas  furnishes  tar  or  gas-tar.  Uoal-tar 
contains  'some  anilfne ;  but  especially  it  contains  , ,  hcpud 

thalene,  phthalic  acid,  phenol,  etc. 
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QUESTIONS  AND  EXERCISES. 

Explain  the  production  of  colour  by  the  various  natural  and  artificial 
pigments.— Mention  the  chief  yellow  colouring-matters,  and  describe  then- 
chemical  nature— What  is  annatto  ?— Name  the  colorific  constituent  of 
madder.  Can  it  be  made  artificially  ?— State  the  source  of  litmus?— 
Distinguish  between  Prussian  blue  and  Turnbull's  blue ;  and  state  how 
they  are  manufactured.— How  is  blue  ultramarine  obtained  ?  How  is  it 
affected  by  acids  ?— Describe  the  chemical  nature  of  the  colouring  prin- 
ciples of  leaves.— By  what  agents  is  ;glass  coloured  green  ?— Whence  is 
sepia  obtained  ?— Describe  the  chemistry  of  black  ink.— Write  a  few 
sentences  on  aniline  colours. 


QUALITATIVE  ANALYSIS  OF  SUBSTANCES 
HAVING  UNKNOWN  PROPERTIES. 

Substances  are  presented  to  the  analyst  in  one  of  the 
three  forms  in  which  all  matter  exists — namely,  solid,  liquid, 
or  gaseous ;  and  they  may  contain  animal  or  vegetable  as 
well  as  mineral  matter. 

The  method  of  analysis  in  the  case  of  solid  mineral  bodies 
has  been  described  on  pp.  438  to  448. 

Solid  animal  or  vegetable  substances  (or  mixtures  of  these 
with  mineral  bodies)  may  be  indefinite  and  beyond  the  grasp 
of  chemistry,  or  definite  and  quite  within  the  range  of  proxi- 
mate qualitative  organic  analysis.    The  presence  of  such 
substances  is  indicated  in  the  preliminary  examination  of  a 
solid  (pp.  439  to  442)  by  charring  and  other  characters.  If 
no  charring  occurs,  and  no  volatile  liquid  is  expelled  by  heat, 
the  absence  of  such  matter  is  indicated.    But  if  organic 
matter  is  present,  an  endeavour  is  made  to  ascertain  its  pre- 
cise character.    The  analyst's  knowledge  of  the  history  of 
the  substance,  or  the  circumstances  under  which  it  comes 
into  his  hands,  will  probably  afford  a  clue  to  its  nature,  and 
enable  him  to  search  directly  for  its  proximate  constituents. 
If  no  such  information  is  at  hand,  the  action  of  solvents  may 
be  employed,  as  likely  to  afford  indication  of  the  general,  if 
not  of  the  precise,  nature  of  the  substance.    Water,  alcohol, 
ether,  chloroform,  bisulphide  of  carbon,  each  hot  and  cold, 
may  in  turn  be  agitated  with  the  substance,  the  mixture  be 
filtered,  a  portion  of  the  filtrate  evaporated,  at  first  partially, 
•  setting  the  product  aside,  and  afterwards  to  dryness,  and  any 
deposit  or  residue  be  examined  with  and  without  the  aid  of  a 
microscope.    Other  portions  of  the  filtrate  may  be  treated 
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with  acids,  alkalies,  and  solutions  of  such  metallic  salts  as 
are  commonly  used  as  group-tests  for  acidulous  radicals 
(p  437).  The  action  of  alkalies,  as  well  as  acids,  weak  and 
strong,  hot  and  cold,  may  also  be  tried  on  the  solid  substance 
itself,  and  colours,  odours,  and,  in  short,  any  effect  whatever, 
be  duly  noted.  A  portion  of  the  substance  should  also  be 
burnt  in  an  open  porcelain  crucible  until  no  carbon  remains, 
and  the  ash,  if  any,  be  examined  ;  its  amount  and  nature 
may  afford  information  leading  to  the  identification  of  the 

The  foregoing  experiments  having  been  carefully  per- 
formed, and  all  results  entered  in  the  note-book,  a  little 
reflection  will  possibly  lead  to  recognition,  or  may  suggest 
further  direct  experiments  or  confirmatory  tests,  or  will,  at 
least,  have  pointed  to  the  absence  of  90  or  95  per  cent,  of 
all  possible  substances,  and  thus  have  restricted  the  area 
of  inquiry  to  narrow  limits.  The  success  attainable  in 
qualitative  proximate  organic  analysis  by  the  medical  or 
pharmaceutical  student  will  of  course  largely  depend  on  the 
thoroughness  with  which  the  operator  has  prosecuted  lus 
study  of  practical  chemistry  generally ;  but  it  also  wi  l  be 
considerably  affected  by  the  extent  to  which  he  has  cult  v  ated 
the  art  of  observation,  and  the  opportunities  he  has  had  of 
acquiring  a  knowledge  of  the  appearance,  uses,  and  common 
properties  of  definite  chemical  substances,  and  of  article  so 
food  drink,  and  medicine.  The  most  successful  of  seveial 
good  analysts  will  be  the  one  who  has  most  common  sense 

^&^t£d  student,  who  has  probably  already  had 
some  years  of  experience  in  pharmacy,  0CCUPie%^nn3^n 
favourable  position  for  prosecuting  the  f»^J^PJ™ 
organic  and  inorganic  substances,  or,  at  all  ev^ts  of  tl lat 
large  proportion  of  such  bodies  met  with  m  the  domain  of 
hvliene  and  pharmacy.  Many  substances  he  will  identity 
at  stent  or  by  aid  of  a  lens,  or  after  applying  Borne  simple 
ph^fSo^ohLioal  test.  No'r  should  he  fin d  muc h  . irificu  ty, 
after  reaching  the  present  point  of  practical  study,  in  deciding 
whether  thefolid  'substance  under  examination  belongs  to  the 
Is  of  organic  acids,  organic  salts  of  metallic  r^oals^ 

^^^^^^ 
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student  in  successfully  analysing  a  substance  occurring  in 
"  scales,"  because  he  has  experience  of  the  appearances  of 
compounds  commonly  produced  in  that  form,  and  because, 
even  if  the  appearance  is  new  to  him,  he  knows  what  kind 
of  substances  most  readily  lend  themselves  to  production  in 
that  form.  While  the  general  student  is  testing  generally, 
and  proceeding  cautiously,  or  searching  for  general  informa- 
tion in  books  of  reference,  the  pharmaceutical  or  medical 
student  has  incinerated  some  of  the  material,  noticed  whether 
or  not  the  ash  is  red  (iron)  and  strongly  alkaline  (potassium), 
treated  more  of  the  material  with  an  alkali  (for  ammonium), 
added  excess  of  ammonia,  and  examined  the  precipitate  (for 
cinchonine  or  quinine)  or  shaken  up  the  alkaline  liquid 
successively  with  ether  and  chloroform,  and  tested  the 
residue  of  these  decanted  and  evaporated  solvents  (quinine, 
beberine,  strychnine),  and  examined  the  aqueous  solution  of 
the  material,  or  one  of  the  filtered  alkaline  liquids,  in  the 
usual  way  for  acidulous  radicals  (citric,  tartaric  sulphuric, 
hypophosphorous).  Or  he  has  modified  his  methods  to 
include  search  for  some  "scale  preparation"  which  his 
special  knowledge  tells  him  has  been  newly  introduced  to, 
or  is  rare  in,  pharmacy. 

In  the  case  of  liquids,  the  solvents  as  well  as  the  dissolved 
matters  claim  attention.  A  few  drops  are  evaporated  to  dry- 
ness on  platinum  foil  to  ascertain  if  solid  matter  of  any  kind 
is  present ;  the  liquid  is  tested  by  red  and  blue  litmus-paper 
to  ascertain  if  free  alkalies,  free  acids,  or  neither  are  present ; 
a  few  drops  are  heated  in  a  test-tube  and  the  odour  of  any 
vapour  noticed,  a  piece  of  glass  tubing  bent  to  a  right  angle 
being,  if  necessary,  adapted  to  the  test-tube  by  a  cork,  and 
some  of  the  distilled  liquid  collected  and  examined  ;  finally, 
the  usual  group-reagents  for  the  several  basylous  and  acidu- 
lous radicals  are  consecutively  applied. 

Proceeding  in  this  way,  the  student  who  has  already  had 
some  experience  in  pharmacy,  will  not  be  likely  to  overlook 
such  solvents  as  water,  acids,  alkalies,  alcohol,  glycerine, 
ether,  chloroform,  benzene,  fixed  oils,  and  essential  oils,  or  to 
miss  the  substances  which  these  menstrua  may  hold  in  solu- 
tion. He  will  probably  also  recognise  such  liquids  as  carbolic 
acid,  formic  acid,  lactic  acid,  methylic  alcohol,  aldehyde, 
aniline,  nitrobenzene.  He  must  not,  however,  suppose  that  he 
will  always  be  able  to  qualitatively  analyse,  say,  a  bottle  of 
medicine ;  for  the  various  infusions,  decoctions,  tinctures, 
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wines,  syrups,  liniments,  confections,  extracts,  pill-masses, 
and  powders  contain  vegetable  matters  most  of  which  at 
present  are  quite  beyond  the  reach  of  the  analyst.  Neither 
the  highest  skill  in  analysis  nor  the  largest  amount  of  ex- 
perience concerning  the  odour,  appearance,  taste,  and  uses  of 
drugs  is  sufficient  for  the  detection  of  all  these  vegetable 
matters.  Skill  and  experience  combined,  however,  will  do 
much ;  and  in  most  cases  even  so  difficult  a  task  as  the  one 
just  mentioned  may  be  accomplished  with  reasonable  success. 
Obviously,  qualitative  analysis  alone  will  not  enable  the 
operator  to  produce  a  mixture  of  substances  similar  to  that 
analysed ;  to  this  end  recourse  must  be  had  to  quantitative 
analysis,  a  subject  treated  subsequently. 

Natural  fluids,  as  "Milk"  and  "Urine"  (vide  Index), 
admit  of  special  analytical  treatment. 

Gas-analysis,  or  Eudiometry  (from  ev8ta,  eudia,  calm  air, 
and  fjLerpov,  matron,  a  measure,  in  allusion  to  the  eudiometer, 
an  instrument  used  in  measuring  the  proportion  and,  as  the 
early  chemists  thought,  the  salubrity  of  the  gases  of  the  air) 
is  a  branch  of  experimental  investigation,  chiefly  of  a  quan- 
titative character,  concerning  which  information  must  be 
sought  in  other  treatises.  The  analysis  of  atmospheric  air 
from  various  localities,  coal-gas,  and  gases  obtained  in  chemi- 
cal researches,  involves  operations  which  are  scarcely  within 
the  sphere  of  Chemistry  applied  to  Medicine.  Beyond  the 
recognition,  therefore,  of  oxygen,  hydrogen,  nitrogen,  chlorine, 
carbonic,  sulphurous,  nitrous,  and  hydrosulphuric  acid  gases, 
etc.,  the  experimental  considerations  of  the  chemistry  of 
gaseous  bodies  may  be  omitted.  Their  study,  however,  should 
not  be  neglected,  as  existing  conceptions  of  the  constitution 
of  chemical  substances  are  largely  dependent  on  the  observed 
relations  of  the  volumes  of  gaseous  compounds  to  their 
elements.  See  previous  paragraphs,  pp.  8  to  22,  37  to  4^,  ol 
to  55,  and  144.  A  useful  work  on  the  latter  part  of  the 
subject  is  a  small  book  by  Hofmann, "  Introduction  to  Modern 
Chemistry."  ,  , 

Spectrum  Analysis.— It  may  be  well  to  state  here  that  the 
preliminary  and  final  examinations  of  minute  quantities  oi 
solid  matter  may,  in  certain  cases,  profitably  include  their 
exposure  to  a  temperature  at  which  they  emit  light,  the  name 
being  physically  analysed  by  a  spectroscope.  A  spectroscope 
consists  essentially  of  a  prism  to  decompose  a  ray  of  light 
into  its  constituent  colours,  with  tubes  and  lenses  to  collect. 
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and  transmit  the  ray  or  rays  to  the  eye  of  an  observer.  _  The 
material  to  be  examined  is  placed  on  the  end  of  a  platinum 
wire,  which  is  then  brought  within  the  edge  of  a  spirit-lamp 
or  other  smokeless  flame  ;  volatilization,  attended  usually  in 
the  case  of  a  compound  by  decomposition,  at  once  occurs,  and 
the  whole  flame  is  tinged  with  a  characteristic  hue.  A  flat 
ribbon  of  rays  is  next  cut  off  by  bringing  near  to  the  flame  a 
brass  tube,  the  cap  of  which  is  pierced  by  a  narrow  slit.  At 
the  other  end  of  the  tube,  at  focal  distance  for  parallel  rays, 
is  a  lens,  through  which  the  ribbon  of  light  passes  to  a  prism; 
the  prism  decomposes  the  ribbon,  spreading  out  its  constituent 
colours  like  a  partially  opened  fan,  and  the  coloured  beam  or 
spectrum  thus  produced  is  then  examined  by  help  of  a  teles- 
cope attached  by  a  movable  joint  to  a  stand  which  carries  the 
prism  and  the  object-tube.  It  is  this  combination  of  tubes, 
lenses,  and  prism  or  prisms,  which  constitutes  the  spectros- 
cope. Sodium  compounds,  under  the  circumstances,  give 
yellow  light  only,  indicated  by  a  double  band  of  light  in  a 
position  corresponding  to  a  portion  of  the  yellow  part  of  an 
ordinary  solar  spectrum.  The  potassium  spectrum  is  mainly 
composed  of  a  red  and  violet  band  ;  lithium  a  crimson,  and, 
at  very  high  temperatures,  a  blue  band.  Most  of  the  other 
elements  give  equally  characteristic  spectra. 

By  passing  white  light  through  a  coloured  substance  an 
"  absorption  spectrum "  will  be  produced  which  is  often 
characteristic,  as  in  the  case  of  blood  or  chlorophyll  ;  while 
by  aid  of  a  combined  microscope  and  spectroscope  (micro- 
spectroscope)  drops  of  coloured  fluids  can  be  analysed. 


CHEMICAL  TOXICOLOGY. 

In  cases  of  criminal  and  accidental  poisoning,  the  sub- 
stances presented  to  the  chemical  analyst  for  examination 
are  usually  articles  of  food,  medicines,  or  vomited  matters ;  or 
the  liver,  kidneys,  intestines,  stomach  and  contents,  removed 
in  course  of  post-mortem  examination.  In  these  cases  some 
special  operations  are  necessary  before  the  poison  can  he 
isolated  in  a  state  of  sufficient  purity  for  the  application 
of  the  usual  tests;  for  in  most  instances  the  large  quantity 
of  animal  and  vegetable,  or,  in  ono  word,  organic  _ matter 
present,  prevents  or  masks  the  characteristic  reactions  on 
which  the  tests  are  founded.    These  operations  will  now  be 
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described*;  they  form  the  chemical  part  of  the  subject 
of  Toxicology  (to$lkw,  toxicon,  poison,  and  Adyos,  logos,  dis- 
course). „  ,  . 

Substances  occurring  apparently  as  dehnite  salts  or  un- 
mixed with  organic  matter  need  no  special  treatment.  They 
are  analysed  by  the  ordinary  methods  already  given,  atten- 
tion being  restricted  to  poisonous  compounds. 

EXAMINATION  OF  AN  ORGANIC  MIXTURE  SUSPECTED  TO  CON- 
TAIN  :— MERCURT,  ARSENIUM,  ANTIMONY,  LEAD,  COPPER, 
OR  ZINC;  SULPHURIC,  NITRIC,  HYDROCHLORIC,  OXALIC, 
OR  HYDROCYANIC  ACIDS  J  CAUSTIC  ALKALIES;  PHOS- 
PHORUS; STRYCHNINE,  MORPHINE,  OR  OTHER  POISONOUS 
ALKALOIDS. 

Preliminary  Examination. 
Odour,  Appearance,  rasfe.-Smell  the  mixture,  with  the 
view  of  ascertaining  the  presence  or  absence  of  any  notable 
quantity  of  free  hydrocyanic  acid.  Look  carefully  for  any 
small  solid  particles,  such  as  arsenic,  corrosive  sublimate  or 
verdigris,  and  for  any  appearance  which  may  be  regarded 
as  abnormal,  any  character  unusual  to  the  coffee,  tea,  beer, 
medicine,  vomit,  coats  of  stomach,  kidney,  liver,  or  other 
organ,  tissue,  or  solid  matter  under  examination. 

Poisonous  Quantity  of  Acid.-Add  to  a  small  portion  some 
solution  of  carbonate  of  sodium,  with  the  view  of  ascertaining 
by  strong  effervescence  the  presence  of  any  large  poisonous 
quantity  of  sulphuric,  nitric,  or  hydrochloric  acid  p.  673) 

Poisonous  Quantity  of  Alkali. -If  so  excessively  alkaline 
as  to  require  the  addition  of  a  very  large  quantity  of  acid 
before  neutralization  is  effected,  a  noxious  quantity  of  a 
corrosive  or  caustic  alkali  is  present.  Whether  soda  01 
potash,  etc.,  is  ascertained  by  the  usual  tests. 

Special  Instructions  may  induce  the  operator  to  suspect  the 
presence  of  one  particular  poison.    Direct  examination  foi 

bread,  potato,  and  fat  have  been  added. 
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the  latter  may  then  be  made,  either  at  once,  if  the  substance 
has  an  aqueous  character,  or  when  filtration  or  treatment 
with  warm  hydrochloric  or  acetic  acid  has  afforded  a  more  or 
less  colourless  liquid. 

Fluids. — A  vomit  or  the  contents  of  a  stomach,  if  set  aside 
in  a  long  narrow  vessel  (test-glass  or  ale-glass),  or,  better, 
exposed  on  a  filter  during  a  night,  will  often  yield  a  more 
or  less  limpid  portion  at  the  bottom  or  top  of  the  solid 
matter.  This  fluid  (separated  by  a  pipette  or  otherwise)  will 
sometimes  respond  to  tests  without  further  preparation,  and 
always  requires  less  preparatory  treatment  than  a  semi-solid 
mixture.  If  none  passes  through  a  filter,  a  portion  often 
collects  in  the  upper  part. 

General  Procedure.— It  the  preliminary  examination  does 
not  indicate  the  method  to  be  pursued,  proceed  as  follows, 
treating  a  portion  (not  more  than  one-fourth)  of  the  mixture 
for  the  poisonous  metals,  another  for  the  acids,  and  a  third 
for  alkaloids,  reserving  the  remainder  for  any  special  ex- 
periments which  may  suggest  themselves. 

Examination  for  Mercury,  Arsenium,  Antimony,  Lead, 

Copper,  Zinc. 

If  a  liquid,  acidulate  with  hydrochloric  acid  and  boil  for  a 
short  time.  If  solid  or  semi-solid,  cut  up  the  matter  into 
small  pieces,  add  enough  water  to  form  a  fluid  mixture,  stir 
in  ten  or  twenty  per  cent,  of  ordinary  liquid  hydrochloric 
acid,  and  boil  until,  from  partial  aggregation  and  solution  of 
the  solid  matter,  filtration  can  easily  be  effected. 

Heat  a  portion  of  the  clear  liquid  with  a  thin  piece  of 
bright  pure  copper  or  copper  gauze,  about  an  inch  long  and 
a  quarter  of  an  inch  broad,  for  about  ten  or  twenty  minutes  ; 
metallic  mercury,  arsenium,  or  antimony  will  be  deposited  on 
the  copper,  darkening  it  considerably  in  colour.  Pour  off  the 
liquid  from  the  copper,  carefully  rinse  the  latter  with  a  little 
cold  water,  dry  the  piece  of  metal  by  holding  it  over  or  near 
a  flame  (using  fingers,  not  tongs,  or  it  may  become  sufficiently 
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hot  for  loss  of  mercury  or  arsenium  to  occur  by  volatiliza- 
tion), introduce  it  into  a  narrow  teat-tube  or  piece  of  glass 
tubing  closed  at  one  end,  and  heat  the  bottom  of  the  tube  in 
a  flame,  holding  it  horizontally,  that  the  upper  part  of  the 
tube  may  be  kept  cool,  and  partially  closing  the  mouth  with 
the  finger  to  prevent  escape  of  vapour.    Under  these  circum- 
stances any  mercury  will  volatilize  from  the  copper  and  con- 
dense on  the  cool  part  of  the  tube  in  a  ring  or  patch  of  white 
sublimate,  readily  aggregating  into  visible  globules  on  being 
pressed  by  the  side  of  a  thin  glass  rod  inserted  into  the  tube  ; 
arsenium  will  volatilize   from  the  copper,  and,  absorbing 
oxygen  from  the  air  in  the  tube,  condense  on  the  cool  part  of 
the  glass  in  a  ring  or  patch  of  white  sublimate  of  arsenic 
(grey  or  even  darker  if  much  arsenium  as  well  as  arsenic  be 
present),  not  running  into  globules  when  rubbed,  but  occur- 
ring in  small  crystals,  the  characteristic  octahedral  form -of 
which  {vide  p.  193)  is  readily  seen  by  aid  of  a  good  hand- 
lens,  or  the  low  power  of  a  microscope  ;  antimony  volatilizes 
from  the  copper  if  strongly  heated,  and,  absorbing  oxygen, 
immediately  condenses  as  a  slight  white  deposit  close  to  the 
metal. 

Confirmatory  Tests.— I.  Nothing  short  of  the  production 
of  globules  should  be  accepted  as  evidence  of  the  presence  ot 
mercury.  It  will  usually  have  existed  as  corrosive  sublimate. 
2  To  confirm  indications  of  the  presence  of  arsenium,  a 
portion  of  the  acid  liquid  may  be  subjected  to  the  hydrogen 
tests  (pp.  195-197) ;  or  the  tube  containing  the  white  crys- 
talline arsenic  may  be  broken,  and  the  part  on  which  the 
sublimate  occurs  boiled  for  some  time  m  water,  and  the 
hvdrosulphuric-acid,  ammonio-nitrate-of-silver,  and  ammo- 
nLsulphkte-of-copper  tests  (pp.  198,  200,)  applied  to  the 
aqueous  solution.  3.  For  antimony,  a  portion  of  the  acid 
liquid  must  always  be  introduced  into  the  ^0geJaK 
ratus  with  the  usual  precautions.  {Vide  p.  209.)  4  Any 
sulphur  present  may  darken  the  copper,  and  such  stained 
copper  may  subsequently  yield  a  whitish  sublimate  of 
sulphir  on\he  sides  of  the  subliming  tube;  such  appear- 
ances, therefore,  are  consistent  with  the  entire  absence  of 
mercury,  arsenium  and  antimony. 
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Note  —Before  finally  concluding  that  arsenium  is  absent 
from  a  fluid,  the  latter  should  be  warmed  with  a  little  sul- 
phurous acid,  and  ordinary  tests  then  again  applied ; ;  tor 
arsenic  acid  and  other  arseniates  are  not  readily  affected  by 
the  usual  reagents  for  arsenium. 

For  lead  and  copper,  pass  hydrosulphuric  acid  through 
the  clear  acidulated  liquid  for  some  time,  warming  the 
liquid  if  no  precipitate  is  produced,  or  diluting  and  partially 
neutralizing  the  acid  by  ammonia  if  much  acid  has  been 
added.'  Collect  on  a  filter  any  black  precipitate  that  may 
have  formed  ;  wash,  dissolve  in  a  few  drops  of  aqua  regia, 
dilute,  and  apply  tests,  such  as  ammonia  for  copper,  sul- 
phuric acid  for  lead,  or  any  other  of  the  ordinary  reagents 
(pp.  219,  246). 

Copper  may  often  be  at  once  detected  in  a  small  quantity 
of  acidulated  liquid  by  immersing  the  point  of  a  penknife  or 
a  piece  of  bright  iron  wire— a  deposit  of  copper,  in  its  cha- 
racteristic colour,  quickly  or  slowly  appearing,  according  to 
the  amount  present  (p.  219). 

Zinc-To  the  acid  liquid  through  which  sulphuretted 
hydrogen  has  been  passed,  add  excess  of  ammonia  (or  to  the 
original  acid  fluid  add  excess  of  ammonia,  and  then  sulphy- 
drate  of  ammonium) ;  a  precipitate  falls  which  may  contain 
alumina,  phosphates,  and  zinc.  (It  is  usually  blackish,  from 
the  presence  of  sulphide  of  iron.)  Collect  the  precipitate  on 
a  filter,  wash,  dissolve  in  a  little  hydrochloric  acid,  add  a  few 
drops  of  nitric  acid,  boil,  pour  in  excess  of  ammonia,  filter, 
and  test  the  filtrate  with sulphydrate  of  ammonium;  a  white 
precipitate  indicates  zinc. 

Examination  for  Mineral  Acids,  Oxalic  and  Hydrocyanic 

Acids. 

To  detect  hydrochloric,  nitric,  or  sulphuric  acid  in  a 
liquid  containing  organic  matter,  dilute  with  water  and 
apply  to  small  portions  the  usual  tests  for  each  acid,  dis- 

a.c.  x  x 
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regarding  indications  of  small  quantities.     {Vide  pp.  311, 
336,  364.) 

Excessive  sourness,  copious  evolution  of  carbonic  acid  gas 
on  the  addition  of  carbonate  of  sodium,  and  abundant  evi- 
dence of  acid  on  applying  the  various  tests  to  small  portions 
of  the  fluid  presented  for  analysis,  collectively  form  sufficient 
evidence  of  the  occurrence  of  a  poisonous  amount  of  either 
of  the  three  common  mineral  acids.  Small  quantities  of 
the  hydrochloric,  nitric,  and  sulphuric  radicals,  occurring  as 
metallic  salts  or  acids,  are  common  normal  constituents  of 
food ;  hence  the  direction  to  disregard  insignificant  indica- 
tions. If  the  fluid  under  examination  be  a  vomit  or  the 
contents  of  a  stomach,  and  an  antidote  has  been  administered, 
free  acid  will  not  be  found,  but,  instead,  a  large  amount  of 
the  corresponding  salt. 

For  oxalic  acid,  filter  or  strain  a  portion  of  the  liquid,  if 
not  already  clear,  and  add  solution  of  acetate  of  lead  so  long 
as  a  precipitate  occurs ;  collect  the  precipitate,  which  in  any 
case  is  only  partly  oxalate  of  lead,  on  a  filter,  wash,  transfer 
it  to  a  test-tube  or  test-glass,  add  a  little  water,  and  pass 
hydrosulphuric  acid  through  the  mixture  for  a  short  time ; 
the  lead  is  thus  converted  into  the  insoluble  form  of  sulphide, 
while  any  oxalic  acid  is  set  free  in  the  solution.  Filter,  boil 
to  get  rid  of  hydrosulphuric  acid,  and  apply  the  usual  tests 
for  oxalic  acid  (see  p.  372)  to  the  clear  filtrate. 

The  contents  of  a  stomach  containing  oxalic  acid  will  often 
be  of  a  dark-brown  colour  with  a  tinge  of  green  (altered  blood 
and  mucus),  and  the  viscid  mixture  generally,  though  slowly, 
affords  some  clear,  limpid,  almost  colourless,  liquid  by  titra- 
tion or  on  standing. 

For  hydrocyanic  acid,  the  three  chief  tests  may  be  applied 
at  once  to  the  liquid  or  semi-liquid  organic  mixture,  whether 
it  has  an  odour  of  hydrocyanic  acid  or  not.  First:— Half 
fill  a  small  porcelain  crucible  with  the  material,  add  eight  or 
ten  drops  of  strong  sulphuric  acid,  stir  gently  with  a  glass 
rod,  and  invert  over  the  mouth  of  the  crucible  a  watch-glass 
moistened  with  a  small  drop  of  solution  of  nitrate  of  silver : 
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a  white  film  on  the  silver  solution  is  probably  cyanide  of 
silver,  formed  by  the  action  of  the  gaseous  hydrocyanic  acid 
on  the  nitrate  of  silver.  Second :— Prepare  a  small  quantity 
of  the  organic  mixture  as  before,  slightly  moistening  the 
centre  of  the  watch-glass  with  solution  of  potash;  here, 
again,  the  heat  generated  by  the  action  of  the  strong  acid  is 
sufficient  to  volatilize  some  of  the  hydrocyanic  acid,  which, 
reacting  on  the  potash,  forms  cyanide  of  potassium.  ^  On 
removing  the  watch-glass  and  stirring  into  it  successively 
solution  of  a  ferrous  salt,  a  ferric  salt,  and  hydrochloric  acid, 
flocks  of  Prussian  blue  are  produced  if  hydrocyanic  acid  is 
present.  Third :— Proceed  as  before,  moistening  the  watch- 
glass  with  sulphydrate  of  ammonium ;  after  exposure  to  the 
hydrocyanic  acid  gas  for  five  or  ten  minutes,  add  a  drop 
of  solution  of  ammonia,  evaporate  to  dryness  at  a  low 
temperature,  and  add  a  drop  of  hydrochloric  acid  and  of 
solution  of  perchloride  of  iron ;  a  blood-red  colour,  due  to 
sulphocyanate  of  iron,  is  produced  if  cyanogen  is  present. 

If  the  above  reactions  are  not  well  marked,  the  organic 
mixture  may  be  carefully  and  slowly  distilled  in  a_  small 
retort,  the  neck  of  which  passes  into  a  bottle  and  dips  be- 
neath the  surface  of  a  little  water  at  the  bottom  of  the 
bottle ;  the  reagents  may  then  be  applied  to  separate  portions 
of  the  distillate. 

The  examination  of  organic  mixtures  for  hydrocyanic  acid 
must  be  made  without  delay,  as  the  poison  soon  begins  to 
decompose,  and  in  a  day  or  two  is  usually  destroyed. 

Examination  for  Phosphorus'. 

A  paste  containing  phosphorus  is  commonly  employed  for 
destroying  vermin.  In  cases  of  poisoning,  the  phosphorus 
is  generally  in  sufficient  quantity  to  be  recognised  by  its 
characteristic  unpleasant  smell.  A  stomach  in  which  it 
occurs  not  infrequently  exhibits  slight  luminosity  if  opened 
in  a  dark  room.  When  the  phosphorus  is  too  small  in  quan- 
tity or  too  much  diffused  to  afford  this  appearance,  a  portion 
of  the  material  is  placed  in  a  flask,  water  acidulated  by 
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sulphuric  acid  added,  a  long  wide  glass  tube  fitted  to  the 
neck  of  the  flask  by  a  cork,  and  the  mixture  gently  boiled. 
If  phosphorus  is  present  (even  1  part  in  2,000,000,  according 
to  De  Vrij)  the  top  of  the  column  of  steam  as  it  condenses  in 
the  tube  will  appear  distinctly  phosphorescent  when  viewed 
in  a  dark  room.  From  its  liability  to  oxidation,  phosphorus 
cannot  be  detected  after  much  exposure  of  an  organic  mixture 
to  air. 

Examination  for  Strychnine  and  Morphine. 

Strychnine.— II  solid  or  semi-solid,  digest  the  matter  with 
water  and  about  ten  per  cent,  of  hydrochloric  acid  till  fluid, 
filter,  evaporate  to  dryness  over  a  water-bath.    If  the  or- 
ganic mixture  is  already  liquid,  it  is  simply  acidulated  with 
hydrochloric  acid  and  evaporated  to  dryness.     The  acid 
residue  is  next  treated  with  spirit  of  wine  as  long  as  any- 
thing is  dissolved,  the  filtered  tincture  evaporated  to  dry- 
ness over  the  water-bath,  and  the  residue  digested  in  water 
and  filtered.    This  slightly  acid  aqueous  solution  must  now 
be  rendered  alkaline  by  ammonia,  and  well  shaken  in  a 
closed  bottle  or  long  tube  with  about  half  an  ounce  of  chlo- 
roform, and  set  by  till  the  chloroform  has  subsided.  The 
chloroform  (which  contains  the  strychnine)  is  then  removed  • 
by  a  pipette,  the  presence  of  any  aqueous  liquid  being  care- 
fully avoided,  and  evaporated  to  dryness  in  a  small  basin 
over  a  water  bath,  the  residue  moistened  with  concentrated 
sulphuric  acid,  and  the  basin  kept  over  the  water-bath  for 
several  hours.    (It  is  highly  important  that  the  sulphuric 
acid  used  in  this  operation  should  be  free  from  nitrous  com- 
pounds.   Test  the  acid,  therefore,  by  adding  powdered  sul- 
phate of  iron,  which  becomes  pink  if  nitrous  bodies  are 
present    If  these  are  found,  the  acid  should  be  purified  by 
strongly  heating  with  sulphate  of  ammonium,  seventy  or 
eighty  grains  to  a  pint.)    The  charred  material  is  exhaled 
with  water,  filtered,  excess  of  ammonia  added  the  filtrate 
shaken  with  about  a  quarter  of  an  ounce  of  chloroform,  the 
mixture  set  aside  for  the  chloroform  to  separate,  and  the 
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chloroform  again  removed.  If  on  evaporating  a  small  por- 
tion of  this  chloroform  solution  to  dryness,  adding  a  drop 
of  sulphuric  acid  to  the  residue,  and  warming,  any  darkening 
of  colour  or  charring  takes  place,  the  strychnine  is  not  suffi- 
ciently pure  for  chemical  detection ;  in  that  case  the  rest  of 
the  chloroform  must  be  removed  by  evaporation,  and  the 
residue  redigested  in  warm  sulphuric  acid  for  two  or  three 
hours.  Dilution,  neutralization  of  acid  by  ammonia,  and 
agitation  with  chloroform  is  again  practised,  and  the  residue 
of  a  small  portion  of  the  chloroform  solution  once  more  tested 
with  sulphuric  acid.  If  charring  still  occurs,  the  treatment 
must  be  repeated  a  third  time.  Finally  a  part  of  the  chlo- 
roform solution  is  taken  up  by  a  pipette  and  drop  after  drop 
evaporated  on  one  spot  of  a  porcelain  crucible-lid  until  a 
fairly  distinct  dry  residue  is  obtained.  A  drop  of  sulphuric 
acid  is  placed  on  the  spot,  another  drop  placed  near,  a  minute 
fragment  of  red  chromate  of  potassium  placed  in  the  second 
drop,  and,  when  the  acid  has  become  tinged  with  the  chro- 
mate, one  drop  drawn  across  the  other ;  the  characteristic 
evanescent  purple  colour  is  then  seen,  if  strychnine  is  present. 
Other  tests  (vide  p.  630)  may  be  applied  to  similar  spots. 

This  is  Girdwood  and  Rogers's  method  for  the  detection 
of  strychnine  when  mixed  with  organic  matter.  It  is  tedioUs 
but  trustworthy,  and,  though  apparently  complicated,  very 
simple  in  principle,  thus — strychnine  is  soluble  in  acidulated 
water  or  alcohol,  or  in  chloroform,  readily  removed  from  an 
alkaline  liquid  by  agitation  with  chloroform,  and  not  charred 
or  otherwise  attacked  when  heated  to  212°  F.  with  sulphuric 
acid:'  much  of  the  organic  matter  of  the  food  is  insoluble 
in  water ;  of  that  soluble  in  water,  much  is  insoluble  in 
alcohol ;  and  of  that  soluble  in  both  menstrua,  all  is  charred 
and  destroyed  by  warm  sulphuric  acid  in  a  shorter  or  longer 
time.    (See  also  Stas's  general  process,  p.  679.) 

Morphine  and  the  Meconic  Acid  ivith  ivhich  it  is  associated 
in  Opium. — To  the  liquid  or  the  semi-fluid  mixture,  warmed 
for  some  time  with  a  small  quantity  of  acetic  acid,  filtered, 
and  concentrated  if  necessary,  add  solution  of  acetate  of  lead 
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until  no  further  precipitate  is  produced.  Filter  and  examine 
the  precipitate  for  meconic  acidj  reserving  the  filtrate  for  the 
detection  of  morphine. 

The  Precipitate— Wash  the  precipitate  (meconate  of  lead, 
etc.)  with  water,  place  it  in  a  test-tube  or  test-glass  with  a 
small  quantity  of  water,  pass  hydrosulphuric  acid  gas  through 
the  mixture  for  a  short  time,  filter,  slightly  warm  in  a  small 
basin,  well  stirring  to  promote  removal  of  excess  of  the  gas, 
and  add  a  drop  of  neutral  solution  of  perchloride  of  iron  ;  a 
red  colour,  due  to  the  formation  of  meconate  of  iron,  is  pro- 
duced if  meconic  acid  is  present.  This  colour  is  not  destroyed 
on  boiling  the  liquid  after  the  addition  of  one  drop  of  diluted 
hydrochloric  acid,  as  is  the  case  with  ferric  acetate,  nor  is 
it  bleached  by  solution  of  corrosive  sublimate,  thus  distin- 
•  guishing  it  from  ferric  sulphocyanate.  It  is  discharged  by 
hydrochloric  acid. 

The  Filtrate.— The  solution  from  which  meconic  acid  has 
been  removed  by  acetate  of  lead  is  evaporated  to  a  small 
bulk  over  a  water-bath,  excess  of  carbonate  of  potassium 
added,  and  evaporation  continued  to  dryness.    The  residue  is 
then  treated  with  alcohol,  which  dissolves  the  morphine.  The 
alcoholic  solution  evaporated  similarly  may  leave  the  mor- 
phine sufficiently  pure  for  the  application  of  the  usual  tests 
(vide  p.  619)  to  small  portions  of  the  residue.    If  no  reaction 
is  obtained,  add  a  drop  of  sulphuric  acid  and  a  little  water  to. 
the  residue,  and  shake  with  ether,  in  which  the  salt  of  mor- 
phine is  insoluble.    The  treatment  with  ether  may  be  re- 
peated until  nothing  more  is  removed,  the  acid  aqueous  liquid 
saturated  with  carbonate  of  potassium,  the  mixture  evapor- 
ated to  dryness,  the  residue  digested  in  alcohol  filtered  and 
portions  of  the  alcoholic  liquid  evaporated  to  obtain  spots  of 
morphine  for  the  application  of  the  ordinary  tests 

If  much  organic  matter  is  believed  to  remain  in  the  filtiate 
after  the  acetate  of  lead  treatment,  or  if  a  considerable  excess 

0  acetate  of  lead  has  been  employed,  the  filtered  btfudiMd 
be  subjected  to  a  current  of  sulphuretted  hydrogen  until  po 

1  e  sulphide  of  lead  is  precipitated,  the  mixture  filtered, 
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and  the  filtrate,  with  the  washings  from  the  sulphide  of  lead, 
evaporated  to  a  small  bulk,  excess  of  carbonate  of  potassium 
added,  the  whole  well  mixed  and  agitated  with  twice  or  thrice 
its  bulk  oj  a  mixture  of  ether  and  acetic  ether  (ether  alone 
might  not  dissolve  the  morphine).  On  standing,  the  ethereal 
liquid  rises  to  the  surface  :  it  is  carefully  removed,  evaporated 
to  dryness,  and  the  residue  tested  or  further  purified  in  the 
manner  described  in  the  preceding  paragraph. 

The  examination  for  morphine  must  be  conducted  with 
great  care,  and  with  as  large  a  quantity  of  material  as  can 
be  spared ;  for  its  isolation  from  other  organic  matter  is  an 
operation  of  difficulty,  especially  when  only  a  minute  propor- 
tion of  alkaloid  is  present.  Fortunately  the  detection  of 
meconic  acid  does  not  include  similar  difficulties ;  and  as  its 
reactions  are  quite  characteristic,  its  presence  is  held  to  be 
strong  evidence  of  the  existence  of  opium  in  an  organic  mix- 
ture. 

o 

Examination  for  other  Poisonoios  Alkaloids. 

Stas's  Process. — Minutely  subdivide  any  solid  matter  ;  to 
this  and  the  liquid  portion  of  the  vomit,  etc.,  add  about 
twice  their  weight  of  the  strongest  spirit  of  wine  containing 
sufficient  tartaric  acid  to  fairly  acidify  the  mixture.  Digest 
the  whole  in  a  flask  at  a  temperature  of  150°  or  160°  F. ;  set 
aside  to  cool ;  filter.    The  solution,  which  will  contain  the 
whole  of  the  alkaloid,  should  then  be  evaporated  nearly  to 
dryness  in  vacuo,  or  at  all  events  at  a  temperature  not  ex- 
ceeding 100°  F.,  lest  volatile  alkaloids  should  be  dissipated. 
The  residue  is  next  exhausted  with  cold  anhydrous  alcohol  ; 
filtered  ;  and  the  filtrate  evaporated  to  dryness  with  the  pre- 
cautions already  stated.    The  extract  is  dissolved  in  a  very 
small  quantity  of  water,  treated  with  excess  of  powdered 
bicarbonate  of  sodium  or  potassium,  and  well  shaken  with 
five  or  six  ^imes  its  volume  of  pure  ether  (with  perhaps  a 
little  acetic  ether).   This  ethereal  liquid  contains  the  alkaloid. 
Small  portions  should  be  evaporated  in  watch-glasses  and 
tasted,  or  tested  physically  and  chemically,  according  as  the 
knowledge  of  collateral  circumstances  by  the  operator,  or  his 
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experience,  or  such  reactions  as  are  recorded  on  pp.  632-648 
may  suggest. 

If  a  volatile  alkaloid  (conine,  nicotine,  lobeline,  sparteine)  is 
indicated,  the  ethereal  solution,  which  may  contain  animal 
matter,  is  removed,  agitated  with  aqueous  solution  of  potash, 
decanted,  and  shaken  with  pure  diluted  sulphuric  acid.^  On 
standing,  the  aqueous  portion,  containing  the  alkaloid  as 
acid  sulphate,  subsides ;  the  upper  ethereal  portion  contain- 
ing the  animal  matter  is  rejected ;  the  acid  aqueous  liquid 
is  made  alkaline  with  caustic  potash  or  soda ;  ether  added ; 
well  shaken  ;  the  ethereal  liquid  decanted,  evaporated  to 
dryness  in  vacuo,  or  at  a  low  temperature,  and  (to  get  rid  of 
all  traces  of  ammonia)  again  moistened  with  ether  and 
dried.  The  residue  is  now  tested  for  the  suspected  alkaloid 
by  taste,  smell,  and  the  application  of  appropriate  reagents 
(pp.  632-648). 

If  a  non-volatile  alkaloid  (aconitine,  atropine,  brucme,  col- 
chicine, emetine,  hyoscyamine,  physostigmine,  solanine,  vera- 
trine,  as  well  as  morphine,  codeine,  and  strychnine,  etc), 
is  indicated,  further  purifiy  by  decanting  the  ethereal  liquid 
from  the  lower  aqueous  solution  of  bicarbonate  of  sodium, 
removing  the  ether  by  evaporation,  digesting  the  residue  in 
alcohol,  filtering,  evaporating  the  alcohol,  treating  the  re- 
sidue with  diluted  sulphuric  acid,  setting  aside  for  a  few 
hours,  filtering,  concentrating,  adding  powdered  carbonate  of 
potassium,  and  finally  anhydrous  alcohol.  The  alcoholic 
liquid,  on  evaporation,  yields  the  alkaloid  in  a  fit  condition 
for  testing  in  the  manner  already  stated. 

Sonnenschein's  Process. -Digest  with  diluted  hydrochloric 
acid  evaporate  to  the  consistence  of  syrup,  dilute,  set  aside 
for  some  hours,  filter.  Add  solution  of  phosphomolybdic  acid 
so  long  as  any  precipitate  falls  or  cloudiness  occurs  ;  collect 
the  precipitate  on  a  small  filter;  wash  it  with  water  contain- 
ing phosphomolybdic  and  nitric  acid,  and,  while  still  moist, 
place  it  in  a  flask.  Decompose  this  compound  of  phos- 
phomolybdic acid  and  alkaloid  by  adding  caustic _  baryta  until 
he  stirred  mixture  is  distinctly  alkaline.    Distd  off  volatile 
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alkaloids,  condensing  and  collecting  by  help  of  a  long  tube 
so  bent  that  the  apparatus  shall  act  as  a  retort,  the  end  of 
the  tube  being  attached  to  a  bulb  or  a  series  of  bulbs  con- 
taining diluted  hydrochloric  acid.  The  acid  liquid  evaporated 
gives  a  residue  of  hydrochlorates  of  alkaloids.  The  latter 
will  afford  characteristic  reactions  with  the  tests  for  the 
suspected  alkaloid,  and,  on  being  moistened  with  baryta- 
water  and  warmed,  will  afford  fumes  of  volatile  alkaloids  the 
odour  of  which  is  usually  characteristic.  The  residue  in  the 
flask  will  contain  non-volatile  alkaloids.  It  is  treated  with 
carbonic  acid  gas  to  neutralize  and  precipitate  the  excess  of 
baryta  as  insoluble  carbonate  of  barium ;  the  mixture  is 
evaporated  to  dryness  over  a  water-bath  ;  and  the  residue 
digested  in  alcohol.  The  alcoholic  solution  evaporated  gene- 
ally  yields  the  alkaloids  in  a  fit  state  for  testing. 

Reagents  for  Alkaloids. 

Phosphomolybdic  acid  forms  with  ammonia,  in  acid  solu- 
tions, a  remarkably  insoluble  compound ;  and  it  comports 
itself  in  a  similar  manner  with  those  compounds  which  are 
analogous  to  ammonia — the  nitrogenized  organic  bases — con- 
sequently forming  an  excellent  reagent  for  their  detection. 
It  may  be  prepared  in  the  following  manner :  Molybdate  of 
ammonium  is  precipitated  by  phosphate  of  sodium ;  the 
yellow  precipitate,  having  been  washed,  is  diffused  through 
water,  and  heated  with  sufficient  carbonate  of  sodium  to  dis- 
solve it.    The  solution  is  then  evaporated  to  dryness,  and 
calcined  to  drive  off  the  ammonia.  In  case  any  of  the  molyb- 
dic  compound  be  reduced  by  this  operation,  the  residue  must 
be  moistened  with  nitric  acid  and  again  calcined.    The  dry 
mass  is  then  dissolved  in  cold  water,  the  solution  strongly 
acidulated  with  nitric  acid,  and  water  added  until  ten  parts 
of  the  solution  contain  one  of  the  dry  salt.  The  liquid,  which 
is  of  a  golden-yellow  colour,  must  be  preserved  from  ammo- 
niacal  fumes.     It  precipitates  all  the  alkaloids  (with  the 
exception  of  urea)  when  a  mere  trace  only  is  present.  The 
precipitates  are  yellow,  generally  flocculent,  insoluble  in 
water,  alcohol,  ether,  and  the  diluted  mineral  acids,  with 
the  exception  of  phosphoric  acid.    Nitric,  acetic,  and  oxalic 
acids,  concentrated  and  boiling,  dissolve  them.    Those  com- 
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pounds  are  decomposed  by  the  alkalies,  certain  metallic 
oxides,  and  the . alkaline  salts,  which  separate  the  alkaloid. 
To  give  an  idea  of  the  sensitiveness  of  this  reagent,  it  may- 
be stated  that  0-000071  gramme  of  strychnine  gives  an 
appreciable  precipitate  with  one  cubic  centimetre  of  the 
solution  of  phosphomolybdic  acid. 

Phosphoantimonic  and  phosphotungstic  acids  are  also  pre- 
cipitants  of  alkaloids.  The  chlorides  of  platinum,  iridium, 
palladium,  and  gold  are  occasionally  serviceable.  Tannic 
and  picric  acids,  too,  may  be  used,  and  a  solution  of  iodine 
and  iodide  of  potassium.  ?J 

Other  special  reagents  for  alkaloids  are  "Mayers  ; 
"  Nesslers "  (see  Index) ;  the  double  iodide  of  potassium 
and  cadmium;  and  a  solution  of  the  double  "Iodide  of  Bis- 
muth and  Potassium."  The  latter  is  made  (by  Thresh)  by 
adding  together  one  ounce  of  Liquor  Bismuthi,  B.P.,  9U 
grains  of  iodide  of  potassium,  and  90  grains  of  strong  hydro- 
chloric acid.  This  orange-coloured  solution  gives  a  red  pre- 
cipitate with  dilute  cold  solutions  containing  alkaloids. 

Ptomaines  (irrayta,  a  corpse)  have  already  been  alluded  to 
as  including  poisonous  alkaloids  producible  from  putrefying 
animal  matters,  even  the  human  body  itself,  during  the 
ordinary  processes  of  decay.  They  are  distinguished,  accord- 
ing to  Brouardel  and  Boutmy,  by  a  drop  or  two  of  absolution 
of  their  sulphate  converting  a  drop  of  solution  of  femcyanide 
of  potassium  into  ferrocyanide,  the  mixture  then  giving  a 
dark-blue  precipitate  with  a  ferric  salt.  Some  other  sub- 
stances also,  as  morphine,  possess  this  converting  power 

Tyrotoxicon.-This  ptomaine  (p.  561)  may  be  isolated  and 
tested  as  follows  :  Prepare  an  aqueous  extract  of  the  cheese, 
or  filter  the  coagulated  milk,  etc  No  heat  should  be  applied, 
and  undue  exposure  to  air  should  be  avoided  by  using  stop- 
pered bottles  Make  the  filtered  fluid  faintly  alkaline  with 
carbonate  of  sodium,  and  well  shake  with  half  i  s  bulk  of 
ether.  Allow  the  perfectly  clear  ethereal  solution  to  evapoi- 
ate  spontaneously;  and,  if  necessary,  again  extract  this  aque- 
ous residue  with  water  shaking  with  ether  and  evaporating 
as  before.  The  resulting  residue  may  be  tested  m  two  or 
three  ways.  A  little  placed  on  the  tongue  and  swallowed 
will  cause  more  or  less  of  nausea,  vomiting,  purging,  and 
iTealache  Again,  the  residue  is  either  characteristically 
crystalline  or  wil  become  so  after  standing  in  a  vacuum 
over  TOlphiric  acid.    Mix  tun  or  three  .hops  of  sulphuno 
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acid  and  carbolic  acid  on  a  white  plate,  and  add  a  few  drops 
of  the  aqueous  residue  just  mentioned  ;  if  an  orange-red  or 
purple  colour  results,  the  presence  of  tyrotoxicon  may  be 
suspected,  but  any  nitrate  or  nitrite  present  may  cause  a 
similar  colour.  To  some  of  the  aqueous  residue  add  an 
equal  volume  of  a  saturated  solution  of  caustic  potash  ;  the 
double  hydrate  of  potassium  and  diazobenzene  is  then  formed 
aud  appears  in  six-sided  plates,  whereas  any  nitrate  of  potas- 
sium appears  in  prisms.  This  residue  may  be  treated  with 
absolute  alcohol,  filtered,  and  the  filtrate  evaporated,  when 
the  plates  may  again  be  observed  or  the  colour  reaction  again 
obtained  with  this  purified  product  (Vaughan). 

Obscure  Poisons.— Many  substances,  the  active  principles 
of  which  are  at  present  beyond  the  reach  of  the  chemical 
analyst,  are  poisons  of  a  more  or  less  active  character.  {See 
the  Pharmaceutical  Journal  for  Sept.  6,  1879,  p.  195,  and 
for  Dec.  20,  1879,  p.  481.) 

"  Chloral  Hydrate,"  p.  579,  and  "  Chloroform,"  p.  476,  are 
now  included  in  "  Part  2  of  Schedule  A  "  as  "  poisons  within 
the  meaning  of  the  Pharmacy  Act,  1868."  "  Cantharides  " 
is  in  "  Part  1."  Its  active  principle  is  isolated  as  described 
on  page  503,  and  is  recognised  by  its  blistering  action  on 
any  thin  spot  on  one's  skin. 


ANTIDOTES.— "Fide  "  Antidotes"  in  the  Index. 


QUESTIONS  AND  EXERCISES. 
In  examining  food  and  similar  matter  for  poison,  why  must  not  the 
ordinary  tests  for  the  poison  be  at  once  applied? — What  preliminary 
operations  should  be  performed  on  a  vomit  in  a  case  of  suspected  poison- 
ing ? — How  would  you  search  for  corrosive  sublimate  in  wine  ? — By  what 
series  of  operations  would  you  satisfy  yourself  of  the  presence  or  absence 
of  arsenic  in  the  contents  of  the  stomach  ? — Describe  the  treatment  to 
which  decoction  of  coffee  should  be  subjected  in  testing  it  for  tartar- 
emetic— State  how  the  occurrence  of  lead  in  water  is  demonstrated. — 
Give  a  process  for  the  detection  of  copper  in  jam. — How  would  you  de- 
tect zinc  in  a  vomit  ? — How  may  the  presence  of  much  sulphuric  acid  in 
gin  be  proved  ? — In  testing  ale  for  nitric  acid,  what  reactions  would  you 
select? — Show  how  you  would  conclude  that  a  dangerous  quantity  of 
hydrochloric  acid  had  been  added  to  cider. — Describe  the  manipulations 
necessary  in  testing  for  hydrocyanic  acid  in  the  contents  of  a  stomach.— 
By  what  method  is  oxalic  acid  discovered  in  infusion  of  coffee? — How  is 
phosphorus  detected  in  organic  mixtures  ? — Give  the  process  by  which 
strychnine  is  isolated  from  a  vomit.— Mention  the  experiments  by  which 
the  presence  of  laudanum  in  porter  is  demonstrated. — Name  the  anti 
dotes  in  cases  of  poisoning  by  : — a,  alkaloids  ;  b,  antimonials ;  c,  arsenic 
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d,  barium  salts ;  e,  copper  compounds  ;  /,  hydrochloric  acid ;  g,  hydro- 
cyanic acid  ;  h,  salts  of  lead  ;  i,  corrosive  sublimate ;  j,  nitric  acid  ;  k, 
oxalic  acid ;  I,  salts  of  silver ;  m,  oil  of  vitriol ;  n,  tin  liquors ;  o,  zinc 
salts  ;  p,  carbolic  acid. 


EXAMINATION  OF  MORBID  URINE  AND  CALCULI. 

The  various  products  of  the  natural  and  continuous  decay 
of  animal  tissue  and  the  refuse  matter  of  food  are  eliminated 
from  the  system  chiefly  as  faeces,  urine,  and  expired  air.  Air 
exhaled  from  the  lungs  carries  off  from  the  blood  much  carbon 
(about  8  ozs.  in  24  hours)  in  the  form  of  carbonic  acid  gas, 
and  some  aqueous  vapour— the  latter,  together  with  a  small 
amount  of  oily  matter,  also  escaping  by  the  skin.  Directing 
the  breath  to  a  cold  surface  renders  moisture  evident ;  and 
breathing  through  a  tube  into  lime-water  demonstrates  the 
presence  of  a  considerable  quantity  of  carbonic  acid  gas. 
The  faeces  consist  mainly  of  the  insoluble  ddbris  of  the  sys- 
tem, the  soluble  matters  and  water  forming  the  urine,  lhese 
excretions  vary  considerably,  according  to  the  food  and  general 
habits  of  the  individual  and  external  temperature  _  But  m 
disease  the  variations  become  excessive;  hence  their  detec- 
tion by  the  medical  practitioner,  or  by  the  pharmacist  for  the 
medical  man,  is  a  matter  of  importance.  . 

An  analysis  of  faeces  or  air  cannot  be  made  with  sufficient 
ease  and  rapidity  to  be  practically  available  m  medical  diag- 
nosis. But  with  regard  to  urine,  certain  abnormal  substances 
and  abnormal  quantities  of  normal  constituents  may  be 
chemically  detected  in  the  course  of  a  few  minutes  by  any 
one  having  already  some  knowledge  of  chemical  manipula- 

U° Healthy  human  urine  contains  in  1,000  parts,  957  of  water 
14  of  urea,  1  of  uric  acid,  15  of  other  organic  matter,  and  Id 
of  morgan  c  salts.    The  amount  passed  in  twenty-four  horn* 
triesiom  two  to  three  pints  in  an  adult,  and  xts ^specxfi 
gravity,  if  healthy,  will  range  from  1-015  to  1  025    Any  con 
fXrabie  deviation' from  these  limits  would  suggest  a possibly 
pathological  condition.  The  average  amount  of  solid  matte  i 
passed  by  the  urine  in  one  day  is  lfc  to  2  ounces. 

Physical  Examination  of  Urine. 
Normal  urine  is  either  of  a  pale  yellow  colour  or  faintly 
reddish-yellow,  due  to  a  pigment  termed  urobdin.  Urine 


ALBUMEN. 


685 


has  a  reddish-brown  tint  if  blood  is  present,  or  greenish- 
brown  if  bile  is  present.  Both  colour  and  odour  are  much 
influenced  by  certain  kinds  of  food  and  by  some  drugs. 

Fresh  urine  is  clear.  Any  turbidity  may  be  due  to  urates, 
phosphates,  or  pus.  Urates  redissolve  when  the  urine  is 
warmed ;  phosphates  by  the  addition  of  acetic  acid ;  pus  is 
detected  by  the  microscope,  vide  infra.  If  the  urine  be  tur- 
bid from  the  presence  of  phosphates  when  first  voided,  it  may 
be  due  to  conversion  of  urea  into  carbonate  of  ammonium, 
which  precipitates  the  phosphates  within  the  bladder,  in 
which  case  the  fresh  and  warm  urine  will  effervesce  slightly 
on  the  addition  of  acetic  acid.    This  condition  is  abnormal. 

On  standing,  healthy  urine  commonly  gives  a  slight  cloud 
of  mucus,  and  after  severe  exercise,  or  after  a  hearty  nitro- 
genous meal,  may  give  a  sediment  of  urates. 

The  specific  gravity  of  urine  should  be  taken  on  a  specimen 
removed  from  the  whole  bulk  excreted  in  twenty  or  twenty- 
four  hours.  Many  qualitative  experiments  and  all  quantita- 
tive operations  should  only  be  performed  on  the  mixed  urine 
of  twenty-four  hours. 

Healthy  urine  when  fresh  is  always  slightly  acid,  the 
acidity  being  said  to  be  due  to  the  presence  of  acid  phosphate 
of  sodium.  Alkalinity  is  probably  due  to  that  conversion  of 
urea  into  carbonate  of  ammonium  within  the  bladder  already 
described. 


EXAMINATION  OF  MORBID  URINE  FOR  ALBUMEN,  SUGAR,  BILE, 
EXCESS  OF  UREA,  OR  DEFICIENCY  OF  CHLORIDES  J  AND 
URINARY  SEDIMENT  FOR  URATES  (OR  LITHATES),  PHOS- 
PHATES, OXALATE  OF  CALCIUM,  AND  URIC  ACID. 

Albumen—  To  detect  albumen,  acidulate  a  portion  of  the 
clear  urine  in  a  test-tube  with  a  few  drops  of  diluted  nitric 
acid  (to  keep  phosphates  in  solution),  and  boil;  flocks  or 
coagula  will  separate  if  albumen  be  present.  To  detect  small 
quantities,  nearly  fill  a  long  test-tube  with  clear  urine  (fil- 
tered, if  necessary)  and  faintly  acidulated  with  acetic  acid  ; 
then,  holding  the  tube  by  its  lower  end,  boil  the  upper  por- 
tion of  the  urine.  A  cloudiness  in  the  boiled  portion, 

which,  on  addition  of  a  few  drops  of  acetic  acid,  does  not  dis- 
appear, indicates  the  presence  of  albumen.  Or,  heat  a  little 

nitric  acid  in  a  test-tube,  and  carefully  pour  down  the  side 
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a  little  of  the  urine,  so  as  to  overlie  the  acid.  If  albumen  be 
present,  a  whitish  ring  or  coagulum  will,  sooner  or  later,  be 
formed  at  the  junction  of  the  fluids. 

These  experiments  should  first  be  made  on  normal  urine 
containing  a  drop  or  two  of  solution  of  white  of  egg.  The 
coagulum  is  white  if  it  is  only  albumen,  greenish  if  bile- 
pigment  be  present,  and  brownish-red  if  the  urine  contain 
blood.  The  influence  of  acids  and  alkalies  on  the  precipi- 
tation of  albumen  is  noticed  on  page  650.  _  > 

A  saturated  solution  of  picric  acid  at  once  precipitates 
any  albumen  from  urine.  Should  the  urine  be  alkaline,  it 
must  be  acidified  before  applying  this  test.  On  warming  the 
mixture,  the  precipitate  will  become  more  pronounced  if  due 
to  the  albumen  or  globulin  of  blood,  or  to  any  modifications 
of  albumen  caused  by  acidity  or  alkalinity  of  urine ;  but  will 
disappear  if  due  to  peptone  or  propeptone.  Ferrocyamdeoi 
potassium,  also,  will  precipitate  the  former  varieties  of  albu- 
men, but  not  the  peptones. 

•  The  occurrence  of  albumen  in  the  urine  may  be  temporary 
and  of  but  little  importance  ;  or  it  may  indicate  the  existence 
of  a  serious  affection,  known  as  Bright's  disease.  Albuinen- 
uria  is  rarely  a  serious  condition  unless  it  is  sufficiently 
pronounced  to  be  made  out  by  the  cold  nitric  acid  test 

^FOT^uantitative  purposes,  Esbach  employs  the  picric  test, 
dissolving  10  parts  of  picric  acid  and  20  of  citric  acid  m  J00 
of  waterfby  aid  of  heat,  and  when  the  solution  is  cold, 
diluting  with  water  to  1,000  parts.  This  solution  is  added  to 
a  given  volume  of  urine  in  a  graduated  Cetti's  Esbach  tube, 
and  the  height  of  the  precipitate  is  noted  after  24  hours. 
Johnson  finds  a  simple  solution  of  5  grains  of  picric  acid  in 
A  fluid  ounce  of  water  better  than  Esbach's  solution,  because 
the  excess  of  acid  in  the  latter  tends  to  precipitate  much 
uric  acid  which  would  be  reckoned  as  albumen.  A  standard 
value  is  given  to  the  solution  in  the  first  instance  by  washing, 
drying  and  weighing  the  albumen. 

Suqar.-To  a  portion  of  the  clear  urine  in  a  test-tube  add 
five  or  ten  drops  of  solution  of  sulphate  of  copper ;  pour  in 
solution  of  potash  or  soda  until  the  precipitate  first  formed 
is  re-dissolved;  slowly  heat  the  solution  to  near  the  boiling- 
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point ;  a  yellow,  yellowish-red,  or  red  precipitate  (cuprous 
oxide)  is  formed  if  sugar  be  present.  (The  production  of  a 
rose-red  or  pink  tint  with  the  cold  alkaline  copper  solution 
indicates  the  presence  of  the  altered  non-coagulable  albu- 
menoids  termed  peptones). 

This  experiment  should  be  first  made  on  urine  containing 
a  drop  or  two  of  solution  of  grape-sugar  (p.  557).  The  hy- 
drate of  copper  precipitated  by  the  alkali  is  insoluble  in 
excess  of  pure  potash  or  soda,  but  readily  dissolves  if  organic 
matter,  especially  sugar,  be  present.  The  copper  salt  should 
not  contain  iron. 

Other  tests  may  be  applied  if  necessary  {vide  p.  561).  See 
also  "  Sugar,  Quantitative  Estimation  of,"  in  Index. 

A  minute  amount  of  sugar  is  said  to  occur  in  normal  urine, 
and  a  distinet  trace  is  occasionally  present.  In  searching  for 
small  quantities,  uric  acid,  which  also  reduces  the  copper- 
solution,  should  first  be  removed.  (See  p.  427.)  Normal 
urine  rotates  a  ray  of  plane  polarized  light  slightly  to  the 
left,  but  if  even  a  small  amount  of  sugar  be  present,  marked 
dextro-rotation  results.  In  larger  quantities  (often  5  per  cent.) 
sugar  is  a  characteristic  constitutent  of  the  urine  of  diabetic 
patients,  greatly  increasing  the  specific  gravity  of  the  secre- 
tion. Small  hydrometers  (termed  urine-meters)  are  commonly 
employed  for  quickly  and  readily  ascertaining  the  specific 
gravity  of  urine ;  they  range  from  l'OOO  to  1'050,  the  in- 
terval of  1'015  to  1-025  being  marked  as  "h.s."  or  "healthy 
state."  (Vide  "Specific  Gravity"  and  "Hydrometers"  in 
Index ;  also  "  Sugar,  Quantitative  Estimation  of.") 

Bile. — This  is  detected  by  the  dark  greenish-brown  colour 
of  the  urine  and  by  the  general  test  (Pettenkofer's,  or  still 
better,  Quinlan's)  described  on  page  658.    Or  a  little  of  the^ 
urine  may  be  placed  on  a  white  plate,  and  strong  nitric  acid™ 
containing  some  nitrous  acid,  dropped  on  it ;  a  peculiar  play 
of  colours — green,  yellow  violet,  etc. — occurs  if  (the  colour- 
ing-matter of)  bile  be  present  (Gmelin).    In  doubtful  cases 
the  urine  should  be  thoroughly  shaken  up  with  a  little, 
chloroform,  which  dissolves  the  bile-pigments,  and  the  acid 
test  applied  to  the  separated  chloroform.   Oliver  recommends 
that  the  urine  be  diluted  to  a  sp.  gr.  of  l-008  and  then  one 
volume  be  added  to  three  volumes  of  the  following  reagent,, 
when  more  or  less  opalescence  will  be  producocl,  according 
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to  the  amount  of  bile  acids  present.  For  the  reagent,  dissolve 
30  grains  of  flesh  peptone,  4  grains  of  salicylic  acid,  and  33 
minims  of  official  acetic  acid,  in  8  ounces  of  water ;  filter. 

Excess  of  Uric  Acid.— A  rough  quantitative  process  con- 
sists in  applying  the  qualitative  method  already  described 
(p.  427)  to  a  known  volume  of  urine,  and  collecting  on  a 
filter,  washing  and  weighing  the  resulting  uric  acid.  The 
result  is  always  low.  Hopkins  saturates  the  urine  with 
chloride  of  ammonium,  and,  after  a  couple  of  hours,  decom- 
poses the  separated  urate  of  ammonium  by  hydrochloric  acid, 
and  collects,  washes,  dries  and  weighs  the  resulting  uric 
acid.    Vide  Proceedings  of  the  Royal  Society,  vol.  Hi.,  p.  93. 

Excess  of  Urea.— About  one-third  of  the  solid  matter  in  the 
urine  is  urea.  Its  proportion  varies  considerably  ;  but  H  per 
cent,  may  be  regarded  as  an  average  amount.  Concentrate 
urine  slightly  by  evaporation  in  a  small  dish,  pour  the  liquid 
into  a  test-tube,  set  the  tube  aside  till  cold,  or  cool  it  by 
letting  cold  water  run  over  the  outside,  add  an  equal  bulk  of 
strong  nitric  acid,  and  again  set  aside;  scaly  crystals  of 
nitrate  of  urea  are  deposited  more  or  less  quickly. 

With  regard  to  the  amount  of  urea  in  urine,  it  is  impossible 
to  sharply  define  excess  or  deficiency.    If  nitric  acid  gives 
crystals  without  concentration,  excess  is  certainly  present  in 
the  sample  examined  :  though,  if  the  amount  of  urine  passed 
in  the  twenty-four  hours  is  much  below  the  average  the  quan- 
tity of  urea  excreted  may  not  be  abnormal.    A  rough  estimate 
may  be  formed  by  mixing  a  few  drops  of  the  urine  and ,  acid 
on  a  piece  of  glass  and  setting  aside  ;  the  time  which  elapses 
.before  crystals  form  is  an  indication  of  the  £a^^™ 
specimen.     The  time  will  vary  according  to  the  temperature 
and state  of  moisture  of  the  atmosphere  ;  but  with  care  some 
useful  comparative  results  may  in  this  way  be  obtained. 

For  trustworthy  quantitative  estimations,  the  urine  ib 
shaken  with  an  alkaline  solution  of  recently  prepared  hypo- 
Somite  of  sodium,  and  the  nitrogen  then  liberated,  collected 
and  measured.   The  reaction  is  of  the  following  character 
CO(NHa)2    +    SNaBrO    =    SNaBr    +    00,    +    W  jj^ 

oSu£.  ass 
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The  whole  of  the  nitrogen  of  the  urea,  however,  is  not 
evolved,  while,  on   the  other  hand,  some  of  the  produced 
nitrogen  is  yielded  by  the  wric  acid,  hippuric  acid,  and 
creatinine  of  the  urine.     Neither  fact  is  of  any  consequence 
in  this  examination  of  urine,  for  a  given  specimen  of  urine 
always  yields  the  same  quantity  of  gas,  hence  a  given  volume 
of  gas  always  indicates  the  same  percentage  of  urea,  and 
once  a  measuring-tube  is  so  divided  as  to  indicate  percent- 
ages of  urea  when  a  given  volume  of  urine  is  used,  it  may  be 
trusted  to  indicate  the  varying  percentages  of  urea  in  the 
urine  of  one  patient,  or  the  different  proportions  of  urea  in 
the  urine  of  different  patients.    The  method  is  Davy's  with 
improvements  and  modifications  of  apparatus  by  Knop,  Huef- 
ner,  Russell  and  West,  Apjohn,  Dupre,  Gerrard,  Gillet,  and 
others.    In  the  chemical  laboratory,  appliances  already  at 
hand  may  be  adapted  for  the  operation.     Thus,  as  shown  in 
the  adjoining  woodcut,  any  two-ounce  or  three-ounce  bottle 
serves  for  the  reaction  between  the  hypobromite  and  urine  ; 
a  50  or  60  c.c.  burette,  containing  water,  may  be  the  mea- 
suring-tube ;  while  a  funnel,  supported  in  the  ring  of  a 
retort-stand,  serves  both  as  a  reservoir  for  water  displaced 
by  the  evolved  nitrogen,  and  as  a  means  of  getting  that 
equal  level  of  water  within  and  without  the  measuring-tube 
which  shall  prevent  misleading  attenuation  or  compres- 
sion of  the   nitrogen.  Attach 
the  funnel  to  the  bottom  of  the 
burette  by  india-rubber  tubing. 
Attach  a  short  glass  tube  by  a 
pierced  cork  to  the  top  of  the 
burette,  and,  by  more  india-rub- 
ber tubing,  connect   this  glass 
tube  with  a  similar  tube  in  the 
well-fitting  india-rubber  cork  of 
the  gas-generating  bottle.  Dis- 
connect   the    latter.     Into  the 
funnel  pour  water  until  it  rises 
to  the  zero  mark  of  the  burette 
and  a  little  water  remains  in  the 
bottom  of  the  funnel.    Into  the 
generating-bottle  pour  about  25 
c.c.  of  solution  of  soda  (made  by 
dissolving  about  100  grammes  of 
solid  soda  in  250  c.c.  of  water) 


Fig.  50. 
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and  about  2-5  c.c.  of  bromine.    Into  the  bottle  containing  the 
hypobromite  solution  thus  prepared,  a  short  test-tube  con- 
taining 5  c.c.  of  urine  is  lowered,  care  being  taken  that  no 
urine  is  spilt.    The  cork  is  re-inserted  and  the  water-level 
again  adjusted  (best  accomplished  if  into  the  cork  of  the 
Jnerating  bottle  be  fitted  a  short  glass  tube,  the  external 
orifice  of  which  can  be  closed  by  a  cork  or  a  cap  as  soon 
as   the  apparatus  is  ready  for  use  .     The  generatmg- 
bottle  is  now  inclined,  when,  the  urine  and  hypobromite 
mixing,  nitrogen  is  at  once  evolved  (the  carbonic  acid  pro- 
Seed  at  theSsame  time  being  absorbed  by  the  strongly 
alkaline  fluid  in  the  bottle).   The  funnel  is  lowered  until  the 
surfaces  of  the  water  inside  and  outside  the  measuring-tube 
are  on  a  level ;  after  ten  or  fifteen  minutes  the  level  is  finally 
adiusted  and  the  amount  of  produced  gas  noted.  Every 
55  c  c  of  gas  indicate  015  of  a  gramme  of  urea,  the  tempera- 
ture being^about  66°  F.  and  the  height  of  the  barometer  being 
about  30lnches.     In  cases  in  which  frothing  interferes,  put 
a  fragment  of  suet  into  the  generatmg-bottle. 

Instead  of  hypobromite  of  sodium,  the  hypochlorite,  which 
is  more  stable,  may  be  employed  (Sq™bb). 

Tests  -Urea  in  solution  m  water  may  be  detected  by  ti  e 
reaction  with  nitric  acid,  and  by  the  readiness  with  which  it 
y  eld  ammonia  on  being  boiled  with  alkab.es.  la  putod 
urine  its  conversion  into  an  ammoniacal  salt  has  already 
been  effected  by  ammoniacal  fermentation. 

CO(NH2)2    +    2H20    =  (NH4)2C03. 

Urea  Water.   Carbonate  of  ammonium. 

£  t,f to,  but  muck  mgf»g  %~  °f  ^li^ 
T™^  t&lX  fsSarine  soEu  oontainiug  urea,  it 

l^ZlZJZny  be  dn.  writo,- 

(CO)"") 

n/NH2  h2  ^N2; 

C0<NNH2  h2  ) 

'  that  is  it  may  be  regarded  as  carbamide  or  as  one  of  the 
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organic  bases  already  referred  to,  a  primary  diamine,  in 
■which  the  bivalent  radical  CO  occupies  the  place  of  H2. 
The  other  atoms  of  hydrogen  may  be  displaced  hj  various 
radicals,  and  many  compound  ureas  thus  be  obtained. 

Artificial  Urea.  —  Urea  may  be  prepared  artificially  by 
Williams's  modification  of  Wohler's  method.  Cyanide  of 
potassium,  of  the  best  commercial  quality  (containing  about 
90  per  cent,  of  real  cyanide),  is  fused  at  a  very  low  red  heat 
in  a  shallow  iron  vessel;  red  lead  is  added  in  small  quantities 
at  a  time,  the  temperature  being  kept  down  by  constant 
stirring.  When  the  red  lead  ceases  to  cause  further  action, 
the  mixture  (lead  and  cyanate  of  potassium)  is  allowed  to 
cool,  the  product  finely  powdered,  exhausted  with  cold  water, 
nitrate  of  barium  added  till  no  more  precipitate  (carbonate 
of  barium)  falls,  the  mixture  filtered,  and  the  filtrate  treated 
with  nitrate  of  lead  so  long  as  cyanate  of  lead  is  thrown 
down.  The  latter  is  thoroughly  washed,  and  dried  at  a  low 
temperature.  Equivalent  quantities  of  cyanate  of  lead  and 
sulphate  of  ammonium  digested  in  a  small  quantity  of  water 
with  a  little  heat  {vide  p.  400)  and  filtered,  yield  a  solution 
from  which  urea  crystallizes  on  cooling. 

Another  Process. — Basaroff  has  found  that  urea  is  produced 
when  ordinary  carbonate  of  ammonium  is  heated  in  strong 
hermetically  sealed  tubes  to  about  275°  F.  for  a  few  hours. 
The  same  chemist  had  previously  obtained  urea  by  similarly 
heating  pure  carbamate  of  ammonium ;  so  that  the  source  of 
the  urea  in  the  former  case  is  probably  the  carbamate  of 
ammonium  believed  to  occur  in  the  carbonate  {see  p.  100). 

NH4NH2C02  -  H20  =  CO(NH2)2. 

Deficiency  of  Chlorides. — Any  given  bulk  of  urine  in  a 
test-tube  yields,  of  course,  abundance  of  flocks  of  chloride  of 
silver  on  the  addition  of  nitric  acid  and  nitrate  of  silver. 
Any  markedly  smaller  bulk  points  to  pathological  conditions, 
such  as  those  of  acute  fever. 

Chromogens. — Urine  may  contain  chromogens,  which  are 
substances  which  do  not  at  the  time  colour  the  urine  but 
which,  on  the  addition  of  oxydizing  reagents,  or  after  stand- 
ing some  time,  develop  a  colour.  A  blue  colour  may  be 
seen  in  urine  on  the  addition  of  much  nitric  acid.  This  is 
due  to  the  formation  of  indigo  from  its  chromogen.  _  The 
darkening  often  noticed  on  the  addition  of  acid  to  urine  is 
due  to  liberation  of  the  pigment  urobilin  from  its  chromogen. 
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Care  must  be  taken  not  to  confound  the  colour-changes  in 
urine  due  to  the  action  of  drugs  with  the  effects  produced  by 
the  action  of  oxydizing  agents  on  chromogens.  Thus  rhubarb 
and  santonin  darken  the  natural  yellow  of  urine,  the  addition 
of  an  alkali  causing  a  red  coloration.  Carbolic  acid  taken 
internally  makes  the  urine  greenish  black,  resembling  urine 
with  much  bile  in  it.  If  iodide  or  bromide  of  potassium  is 
being  taken  internally,  the  addition  of  a  strong  acid  will 
often  cause  separation  of  iodine  or  bromine  respectively  m 
the  urine. 


Urinary  Sediments. 
Warm  the  sediment  with  the  supernatant  urine,  and  filter. 


Insoluble. 

Phosphates,  oxalate  of  calcium,  and 
uric  acid. 
Warm  with  acetic  acid,  and  filter. 

Soluble. 

Urates — of  ammo- 
nium, calcium,  or 
sodium ;  chiefly 
the  latter. 

Insoluble. 

Oxalate  of  calcium  and  uric 
acid. 

Warm  with  hydrochloric  acid, 
filter. 

Soluble. 

Phosphates. 

Add  ammo- 
nia ;  white  ppt. 
=  phosphate 
of  calcium,  or 
ammonio-mag- 
nesium  phos- 
phate, or  both. 

They  are  re- 
deposited  as  the 
liquid  cools,  and 
if  sufficient  in 
quantity  may  be 
further  examined 
for  ammonium, 
calcium,  sodium, 
and  the  uric 
radical  by  the  ap- 
priate  tests. 

Insoluble. 

Uric  acid. 

Apply  the 
murexid  test 
(p.  427.) 

Soluble. 

Oxalate  of  cal- 
cium. 
May  be  re- 
precipitated  by 
ammonia. 

Notes.—  Urinary  deposits  are  seldom  of  a  complex  cha- 
racter: the  action  of  heat  and  acetic  and  hydrochloric  acids 
generally  at  once  indicates  the  character  of  the  deposit,  ren- 
dering filtration  and  precipitation  unnecessary. 

The  Urates  are  often  of  a  pink  or  red  colour,  owing  to  the 
rjresence  of  a  pigment  termed  purpurin  ;  hence  the  common 
name  of  red  gravel  for  such  deposits.    Purpunn  is  soluble 
n  alcohol,  and  may  be  removed  by  digesting  a  red  deposit  in 
that  solvent.    It  is  seldom  necessary  to  determine  whethe, 
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the  urate  be  that  of  ammonium,  calcium,  or  sodium  (see  also 
Uric  acid,  page  428).  The  deposited  urate  is  a  very  acid 
urate  which  slowly  (more  rapidly  in  urine  diluted  with 
water)  breaks  up  into  a  less  acid  urate  and  uric  acid  (Bence 
Jones).  The  occurrence  in  the  urine  of  the  salines  of  our  food, 
especially  of  dipotassic  phosphate,  is  apparently  (Roberts) 
what  prevents  this  decomposition  before  the  urine  is  exposed 
to  the  air. 

The  Phosphate  of  calcium  and  the  ammonio-magnesium 
phosphate  are  usually  both  present  in  a  phosphatic  deposit, 
the  magnesium  salt  forming  the  larger  proportion.  They 
may,  if  necessary,  and  if  sufficient  in  quantity,  be  separated 
by  collecting  on  a  filter,  washing,  and  boiling  with  solution 
of  carbonate  of  sodium.  The  carbonates  of  calcium  and 
magnesium  thus  formed  are  collected  on  a  filter,  washed, 
and  dissolved  in  a  drop  or  two  of  hydrochloric  acid  ;  chloride 
of  ammonium,  ammonia,  and  carbonate  of  ammonium  are 
added,  and  the  mixture  boiled  and  filtered  ;  any  calcium 
originally  present  will  then  remain  insoluble,  as  carbonate 
of  calcium ;  while  any  magnesium  will  be  precipitated  from 
the  filtrate  as  ammonio-magnesium  phosphate  on  the  addition 
of  phosphate  of  sodium,  the  mixture  being  also  well  stirred. 

 The  chief  portion  of  excreted  phosphates  is  carried  off 

by  the  faeces,  that  remaining  in  the  urine  being  kept  in 
solution  by  the  influence  of  acid  phosphate  of  sodium  and, 

frequently,  lactic  acid.  Occasionally,  an  hour  or  two  after 

a  hearty  meal,  the  urine  becomes  sufficiently  alkaline  for 
the  phosphates  to  be  deposited,  and  the  urine  when  passed  is 

turbid  from  their  presence.  The  ammoniacal  constituent 

of  the  magnesium  salt  does  not  occur  normally,  but  is  pro- 
duced from  urea  as  soon  as  urine  becomes  alkaline. 

Oxalate  of  calcium  is  seldom  met  with  in  excessive 
amounts,  but  very  often  in  small  quantities  mixed  with 
phosphates.  In  one  case  of  oxaluria  the  whole  urine  ex- 
creted by  a  patient  in  twenty-four  hours  furnished  to  the 
author  only  two-thirds  of  a  grain  of  oxalate  of  calcium. 

Free  uric  acid  is  in  most  cases  distinctly  crystalline,  and 
nearly  always  of  a  yellow,  red,  or  brown  colour. 

Artificial  sediments. — For  educational  practice,  these  may 
be  obtained  as  follows  : — 1.  Rub  up  in  a  mortar  a  few  grains 
of  serpent's  excrement  (chiefly  urate  of  ammonium)  with  an 
ounce  or  two  of  urino  ;  this  represents  a  sediment  of  urates. 
2.  Add  a  few  drops  of  solution  of  ammonia  or  solution  of 
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carbonate  of  ammonium  to  urine ;  the  deposit  may  be  regarded 
as  one  of  phosphates.  3.  To  an  ounce  or  two  of  urine  add 
very  small  quantitities  of  chloride  of  calcium  and  oxalate  ot 
ammonium;  the  precipitate  is  oxalate  of  calcium.  4.  lo 
urine  acidulated  by  hydrochloric  acid  add  a  little  serpent  s 
excrement ;  the  sediment  is  uric  acid. 

Other  deposits  than  the  foregoing  are  occasionally  observed 
Thus  Mppuric  acid  (H09H8N03),  a  normal  constituent  of 
human  urine,  and  largely  contained  in  the  urine  of  herbi- 
vorous animals,  is  sometimes  found  associated  with  uric  acid 
in  urinary  sediment,  especially  in  that  of  patients  whose 
medicine  contains  benzoic  acid  (p.  401).    Its  appearance,  as 
observed  by  aid  of  the  microscope,  is  characteristic-namely, 
slender,  four-sided  prisms,  having  pointed  ends.  Lystin 
(CoMSO,)  (from  k^otis,  Tcilstis,  a  bladder,  in  allusion  to 
its  origin)  rarely  occurs  as  a  deposit  m  urine.    It  is  not 
soluble  in  warm  urine  or  dilute  acetic  acid,  and  scarcely  m 
diluted  hydrochloric  acid-hence  would  be  met  with  m  testing 
for  free  uric  acid.   It  is  very  soluble  in  ammonia,  recrystalliz- 
ing  from  a  drop  of  the  solution  placed  on  a  piece  of  glass  m 
characteristic  microscopic  six-sided  plates     Leucine  and 
tyrosine  (see  p.  612)  occur  in  cases  of  phosphorus  poisoning 
aS ?  oTLuteyellow  itrophy  of  the  liver.    Organized  se£ 
ments  may  be  due  to  the  corpuscles  of  pus,  muc us ,  o  blood 
fat-globules,  spermatozoa,  cylindrical  casts  of  the  tubes  ot 
the  kidneys  epithelial  cells  from  the  walls  of  thebladd^oi 
foreign  mltteii,  such  as  fibres  of  wool,  or  of. ^  " 
small  feathers,  dust,  starch,  etc.  ;  these  are  bes    recogni  ed 
by  the  microscope.    (See  the  accompanying  Plates,  and 
following  paragraphs  on  the  microscopic  appearances  of  both 
crystalline  and  organized  urinary  sediments.) 

Microscopic  Examination  of  Urinary  Sediments. 
Urine  containing  insoluble  matter,  is  usuall y  more >m 
less  opaque.  For  microscopical  examination  a  few  ounces 
shoukl  be  set  aside  in  a  conical  test-glass  for  an  hour  or  two 
the  clear  supernatant  urine  poured  off  from  the  sediment  « 
hi  as  poss  ble,  a  small  drop  of  the  residue  placed  on  a  slip 
of  eTass  and  c0ver6d  with  a  piece  of  thin  glass,  and  examined 
under  the  microscope  with  different  magnifying  powers. 

The  respective  appearances  of  the  various  crystallme 
and  organized  matters  are  given  in  the  annexed  Plates 
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(figs.  51  to  62),  the  figures  of  which  were  kindly  drawn 
by  the  late  H.  B.  Brady,  F.R.S.,  from  natural  specimens 
in  the  collections  of  St.  Bartholomew's  Hospital,  Dr. 
Sedgwick,  the  late  Mr.  W.  W.  Stoddart,  Mr.  Waddington, 
and  the  Author. 
Uric  acid  occurs  in  many  forms,  most  of  which  are  given 
in  the  first  Plate.   Flat,  more  or  less  oval  crystals,  sometimes 
attached  to  each  other,  their  outline  then  resembling  an  8, 
a  cross  or  a  star,  are  common.    Single  and  grouped  quad- 
ratic prisms,  aigrettes,  spicula,  and  crystals  recalling  dumb- 
bells are  met  with.    Prom  urine  acidulated  by  hydrochloric 
acid,  square  crystals,  two  opposite  sides  smooth  and  two 
jagged,  are  generally  deposited :  acidulated  by  acetic  acid, 
more  typical  forms  are  obtained.     A  drop  of  solution  of 
potash  or  soda  placed  on  the  glass  slip  will  dissolve  a  deposit 
of  uric  acid,  a  drop  of  any  acid  reprecipitating  it  in  minute 
but  characteristic  crj'stals. 

Cystin  is  very  rarely  met  with  as  an  urinary  deposit ;  that 
from  which  the  figure  on  Plate  I.  was  taken  was  found  in  the 
urine  of  a  patient  in  St.  Bartholomew's  Hospital.  Lamellae 
of  cystin  always  assume  the  hexagonal  character ;  but  the 
angles  are  sometimes  ill  defined  and  the  plates  _  superposed  : 
in  the  latter  case,  a  drop  of  solution  of  ammonia  placed  on 
the  glass  at  once  dissolves  the  deposit,  well-marked,  six-sided 
crystals  appearing  as  the  drop  dries  up. 

Triple  phosphate  (phosphate  of  magnesium  and  ammonium) 
is  deposited  as  soon  as  urine  becomes  alkaline,  the  ammo 
niacal  constituent  being  furnished  by  the  decomposition  of 
urea.  It  occurs  in  large  prismatic  crystals,  forming  a  beauti- 
ful object  when  viewed  by  polarized  light, — sometimes  also 
in  ragged  stellate  or  arborescent  crystals,  resembling  those 
of  snow.  Both  forms  may  be  artificially  prepared  by  adding 
a  small  lump  of  carbonate  of  ammonium  to  a  few  ounces  of 
urine  and  setting  aside  in  a  test-glass. 

Amorphous  deposits  are  either  earthy  phosphates  (a  mix- 
ture of  phosphates  of  magnesium  and  calcium)  or  urates  of 
calcium,  magnesium,  ammonium,  potassium,  or  sodium — 
chiefly  the  latter.  They  may  be  distinguished  by  the  action 
of  a  drop  of  acetic  acid  placed  near  the  sediment  on  the  glass 
slip,  the  effect  being  watched  under  the  microscopo  ;  phos- 
phates dissolve,  while  urates  gradually  assume  characteristic 
forms  of  uric  acid.  Urates  reclissolve  when  warmed  with  the 
supernatant  urine. 


696 


MORBID  URINE. 


Urates  of  sodium  and  magnesium,  though  generally  amor- 
phous, occasionally  take  a  crystalline  form— bundles  or  tufts 
of  small  needles— as  shown  in  the  Plate.  When  pink  or 
brick-red,  the  colour  is  due  to  uroerythrin. 

Oxalate  of  calcium  commonly  occurs  in  octahedra  requir- 
ing high  magnifying-power  for  their  detection.  The  crystals 
are  easily  overlooked  if  other  matters  are  present,  but  are 
more  distinctly  seen  after  phosphates  have  been  removed  by 
acetic  acid.  In  certain  aspects  the  smaller  crystals  look  like 
square  plates  traversed  by  a  cross.  A  dumb-bell  form  of  this 
deposit  is  also  sometimes  seen,  resembling  certain  forms  of  uric 
acid  and  the  coalescing  spherules  of  a  much  rarer  sediment- 
carbonate  of  calcium.  Oxalate  of  calcium  is  insoluble  m 
acetic  but  soluble  in  hydrochloric  acid.  The  octahedra  are 
frequently  met  with  in  the  urine  of  persons  who  have  par- 
taken of  garden  rhubarb  and  certain  other  vegetables.  _  The 
crystals  may  often  be  deposited  artificially  (according  to 
Waddington)  by  dropping  a  fragment  of  oxalic  acid  into 
several  ounces  of  urine  and  setting  aside  for  a  few  hours. 

Carbonate  of  calcium  is  rarely  found  in  the  urine  of  man, 
but  frequently  in  that  of  the  horse  and  other  herbivorous 
animals.  Human  urine  containing  carbonate  of  calcium 
often  reddens  litmus-paper ;  and  it  is  only  after  the  removal, 
on  standing,  of  the  excess  of  carbonic  acid,  that  the  salt  is 
deposited.  It  consists  of  minute  spherules,  varying  m  size, 
the  smaller  ones  often  in  process  of  coalescence,  lhe  dumb- 
bell form  thus  produced  is  easily  distinguished  from  similar 
groups  of  uric  acid  or  oxalate  of  calcium  by  showing  a  black 
cross  in  each  spherule  when  viewed  by  polarized  light. 
Acetic  acid  dissolves  carbonate  of  calcium,  liberating  cai- 
bonic  acid  gas,  with  visible  effervescence  (under  the  micro- 
scope) if  the  slide  has  been  previously  warmed  and  a  group 

of  crystals  be  attacked.  a  „;,„inr 

Hippuric  acid.— The  pointed  rhombic  prisms  and  acicu  ai 
crystals  are  characteristic  and  easily  ■  recognised  1 he 
broader  crystals  may  possibly  be  mistaken  for  triple .phos- 
phate, and  the  narrower  for  certain  forms  of  unc  ac Ad,  but 
insolubility  in  acetic  acid  distinguishes  them  from  the  o,  mer, 
and  solubility  in  alcohol  from  the  latter.  These  teste  may 
be  applied  while  the  deposit  is  under microscopic ■  oJwg^JJ- 
An  alcoholic  solution  of  hippuric  acid  evaporated  k ^TgJJ 
and  the  residue  treated  with  water,  gives  a  solution  from 
which   characteristic  crystalline   forms  of   hippuric  acict 
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may  be  obtained  on  allowing  a  drop  to  dry  up  on  a  slip  of 
glass. 

Plate  II.  The  organized  deposits  in  urine  entail 
greater  care  in  their  determination,  and  usually  require 
a  higher  magnifying  power  for  their  proper  examination 
than  those  of  crystalline  form.  The  figures  on  the 
second  of  the  accompanying  Plates  are  drawn  to  230 
diameters.    The  following  notes  will  assist  the  observer. 

Casts  of  uriniferous  tubuli  are  fibrinous  masses  of  various 
forms,  and  often  of  considerable  length— sometimes  delicate 
and  transparent,  occasionally  granular,  and  often  beset  with 
fat-globules.  Epithelial  debris  are  frequently  present  m  urine 
in  the  form  of  nucleated  cells,  regular  and  oval  when  full,  but 
angular  and  unsymmetrical  when  partially  emptied  of  their 
contents— sometimes  perfect,  but  more  frequently  a  good 
deal  broken  up.  Casts  are  very  readily  discovered  by  the 
use  of  the  microscope,  if,  to  a  sample  of  the  urine  supposed  to 
contain  them,  best  in  a  conical  glass,  a  few  drops  of  an  ani- 
line dye  be  added.  "  Carbo-fuchsine  "  answers  well  The 
casts  rapidly  stain,  and  are  then  quite  easily  seen  in  the 
field.  . 

Blood  is  easily  recognised.  Urine  containing  it  is  usually 
high-coloured  or  ll  smoky,"  and  the  corpuscles  appear  under 
the  microscope  as  reddish  circular  discs,  either  single  or  laid 
together  in  strings  resembling  piles  of  coin.  Their  colour 
and  somewhat  smaller  size  serve  to  distinguish  them  from 
pus-corpuscles.  In  doubtful  cases  a  minute  drop  of  blood 
taken  from  a  finger  by  help  of  a  needle  should  be  diluted  with 
water  and  used  for  comparison.  After  urine  containing  blood 
has  stood  for  some  time,  the  corpuscles  lose  their  regular 
rounded  outline  and  become  crenated.    (See  a  in  the  figure.) 

Dr.  Day,  of  Geelong,  tests  for  blood  in  urine  or  in  stains  on 
clothing  by  employing  a  recently  prepared  alcoholic  solution 
of  the  inner  unoxidized  portions  of  guaiacum  resin,  and  an 
aqueous  or  ethereal  solution  of  peroxide  of  hydrogen,  when 
a  dull  blue  colour  results.  In  the  case  of  urine,  add  to  a 
drachm  or  two  in  a  test-tube  nearly  as  much  of  the  ethereal 
fluid,  and  then  two  or  three  drops  of  the  guaiacum  tincture ; 
on  gently  agitating  the  tube,  a  bluish-green  layer  appears  at 
the  junction  of  the  fluids  if  blood  is  present.  "  If  the  stain  is 
on  a  dark-coloured  fabric,  the  parts  moistenod  by  the  fluids 
may  be  pressed  with  white  blotting-paper,  when  blue  impres- 
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sicms  will  be  obtained.  Contact  with  many  substances  causes 
the  blue  reaction  or  oxidation  of  guaiacum  :  the  peculiarity 
of  blood  is,  that  it  does  not  produce  this  effect  unless  per- 
oxide of  hydrogen  or  a  similar  '  antozonic  '  liquid  is  present. 
Bodies  such  as  permanganate  of  potassium,  whose  oxygen 
is  apparently  in  the  form  of  ozone,  also  cause  the  production 
of  a  blue  colour  with  guaiacum ;  peroxide  of  hydrogen  and 
other  compounds  whose  oxygen  is  in  the  opposite,  positive, 
or,  according  to  Schonbein,  antozonic  condition,  produce  no 
such  effect.  It  would  seem  as  if  blood  or  some  constituent 
of  blood  has  the  power  of  converting  positive  into  negative 
oxygen,  and  thus  bringing  about  an  effect  which  negative 
oxygen  alone  is  able  to  produce ;  for  of  all  substances  which, 
like  blood,  do  not  alone  cause  guaiacum  to  become  blue, 
blood  is  the  only  one  that  affects  '  antozonides  '  (themselves 
inactive)  as  to  enable  them  to  act  as  ozonides,  that  is,  to 
oxidize  the  guaiacum.  Both  the  venous  and  arterial  fluid 
from  any  red-blooded  animal  will  produce  this  blue  reaction. 
Fruit-stains  are  darkened  by  ammonia,  which  does  not  alter 
the  colour  of  blood.  Iron-stains  or  iron-moulds  yield  no 
colour  to  water,  whereas  the  red  colouring-matter  of  blood 
is  soluble  in  water.  The  peroxide^  of  hydrogen  should  be 
free  from  more  than  a  trace  of  acid." 

The  blood  corpuscles  of  ordinary  animals  are  much  smaller 
than  those  of  man  ;  but  a  TV  or  ^  inch  lens  is  necessary  for 
proper  differentiation  (J.  C.  Richardson). 

Pus  and  mucus.— Purulent  urine  deposits,  on  standing,  a 
light-coloured  layer,  easily  diffused  through  the  liquid  by 
shaking.  Acetic  acid  does  not  dissolve  the  sediment ;  and 
solution  of  potash  of  official  strength  converts  it  into  a  gela- 
tinous mass.  Under  the  microscope,  pus-corpuscles  appear 
rounded  and  colourless,  rather  larger  than  blood-discs,  and 
somewhat  granular  on  the  surface.  They  generally  show 
minute  nuclei,  which  are  more  distinctly  seen  after  treat- 
ment with  acetic  acid.  (See  the  portion  of  the  figure  marked 
a  )  Mucus  possesses  no  definite  microscopic  characters  but 
commonly  has  imbedded  in  it  pus,  epithelium,  and  air-bubbles. 
Mucus  is  coagulated  in  a  characteristic  manner  by  acetic 
acid;  and  this  reaction,  together  with  the  ropy  appearance 
it  imparts  to  urine,  prevents  it  being  confounded  with  pus. 

Day's  test  for  pus  consists  in  adding  a  drop  or  two  ot 
oxidized  tincture  of  guaiacum  to  the  urine  or  other  liquid 
when  a  clear  blue  colour  is  produced.    It  is  necessary  to 
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moisten  dry  pus  with  water  before  applying  the  test.  The 
test-liquid  is  made  by  exposing  a  saturated  alcoholic  solution 
of  o-uaiacum  to  the  air  until  it  has  absorbed  a  sufficient 
quantity  of  oxygen  to  give  it  the  property  of  turning  green 
when  placed  in  contact  with  iodide  of  potassium.  Days 
test  for  mucus  consists  in  the  application,  first,  of  oxidized 
tincture  of  guaiacum,  which  by  itself  undergoes  no  change 
in  the  presence  of  mucus,  and  then  in  the  addition  of  car- 
bolic acid  or  creasote,  which  quickly  changes  the  colour  of 
the  guaiacum  to  a  bright  blue.  Neither  carbolic  acid  nor 
creasote  alone  will  render  guaiacum  blue.  In  testing  for 
mucus  on  cloths,  or  when  it  is  mixed  with  blood,  it  is  neces- 
sary to  use  the  carbolic  acid  pure ;  but  when  the  mucus  is 
in  a  liquid  state,  it  is  better  to  use  carbolic  acid  diluted  with 

alcohol.  .  . 

Saliva—  This  secretion  is  an  aqueous  fluid  containing  less 
than  1  per  cent,  of  solid  matter,  of  which  one-third  is  an 
albumenoid  substance  termed  ptyalin  (from  tttwxAov,  spittle), 
a  ferment  that  has  the  power  of  converting  starch  into 
dextrin  and  grape-sugar :  alkaline  salts,  including  a  trace  of 
sulphocyanate  of  potassium,  and  calcium  compounds,  are  also 
present.  Day's  test  for  saliva  in  urine,  etc.,  is  similar  to  that 
for  mucus,  with  the  exception  that  the  blue  reaction  produced 
by  the  oxidized  tincture  of  guaiacum  and  alcoholic  solution 
of  carbolic  acid  is  highly  intensified  by  the  addition  of  a 
little  ethereal  or  aqueous  solution  of  peroxide  of  hydrogen. 

Fatty  matter  occurs  either  as  minute  globules  partially 
diffused  through  the  urine  (as  shown  at  a)  or  in  more  inti- 
mate emulsion  (as  at  b  in  the  figure).  When  present  in 
larger  quantity,  it  collects  as  a  sort  of  skim  on  the  surface 
after  standing. 

Spermatozoa  are  liable  to  escape  notice,  on  account  of  their 
small  size  and  extreme  transparency.  Suspected  urine  should 
be  allowed  to  settle  some  hours  in  a  conical  test-glass,  and 
the  drop  at  the  bottom  examined  under  a  high  power.  The 
drawing  shows  their  tadpole-like  appearance. 

Sarcince  rarely  occur  in  urine,  but  are  not  infrequent  in 
vomited  matters.  The  upper  figures  (a)  are  copied  from  Dr. 
Thudichum's  drawing  (from  urine) ;  the  larger  groupings  (b) 
are  from  vomited  matter. 

Extraneous  bodies,  such  as  starch,  hair,  wool,  fibres  of 
cotton  or  of  deal,  or  fragments  of  feathers,  are  often  found 
in  urinary  deposits ;  and  ludicrous  mistakes  have  been  made 
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by  observers  not  on  their  guard  in  respect  to  such  casual 
admixtures. 

Examination  of  Urinary  Calculi. 

The  term  calculus  is  the  diminutive  of  calx,  a  lime-  or 
chalk-stone. 

The  following  calculi  have  been  met  with :—  (1)  Uric  acid, 
(2)  Sodium  urate,  (3)  Calcium  oxalate  (mulberry),  (4)  Fusible 
or  mixed  calcium  and  triple  phosphates,  (5)  Calcium  phos- 
phate, (6)  Calcium  carbonate,  (7)  Xanthine,  (8)  Cystin,  (9) 
Urostealith  (fatty  matter),  (10)  Indigo  (one  case). 

Knowledge  of  the  composition  of  a  calculus  or  urinary 
deposit  affords  valuable  diagnostic  aid  to  the _  physician ; 
hence  the  importance  of  a  trustworthy  analysis  of  these 
substances. 

Nature  of  calculi—  Urinary  calculi  have  the  same  com- 
position as  unorganized  urinary  sediments.  They  consist,  in 
short,  of  sediments  that  have  been  deposited  slowly  within 
the  bladder,  particle  on  particle,  layer  on  layer,  the  several 
substances  becoming  so  compact  as  to  be  less  easily  acted  on 
by  reagents  than  when  deposited  after  the  urine  has  been 
passed— the  urates  less  readily  soluble  in  warm  water,  the 
calcic  phosphate  insoluble  in  acetic  acid  until  it  has  been 
dissolved  in  hydrochloric  acid  and  reprecipitated  by  an 

alkali.  . 

Preliminary  treatment-  If  the  calculus  is  whole,  saw  it 
in  two  through  the  centre,  and  notice  whether  it  is  built  up 
of  distinct  layers  or  apparently  consists  of  one  substance. 
If  the  latter,  use  about  a  grain  of  the  sawdust  for  analysis ; 
if  the  former,  carefully  scrape  off  portions  of  each  layer,  and 
examine  them  separately.  If  the  calculus  is  in  fragments, 
select  fair  specimens  of  about  half  a  grain  or  a  gram  each, 
and  reduce  to  a  fine  powder  by  placing  on  a  hard  surface 
and  crushing  under  the  blade  of  a  knife. 

Analysis.— Commence  the  analysis  by  heating  a  portion, 
about  the  size  of  a  pin's  head,  on  platinum  foil,  m  order  to 
ascertain  whether  organic  matter,  inorganic  matter,  or  both 
are  present.  If  both,  the  ash  is  examined  for  inorganic 
substances,  and  a  fresh  portion  of  the  calculus  for  uric  acid 
by  the  murexid  test.    (In  the  absence  of  uric  acid  any  BligW 
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charring  may  be  considered  to  be  due  to  indefinite  animal 
matter.)  If  composed  of  organic  matter  only,  the  calculus 
will  in  nearly  all  cases  be  uric  acid,  the  indication  being 
confirmed  by  applying  the  murexid  test  in  a  watch-glass  to 
another  fragment,  half  the  size  of  a  small  pin's  head.  If 
inorganic  only,  the  ash  on  the  platinum  foil  may  be  examined 
for  phosphates,  and  a  separate  portion  of  the  calculus  for 
oxalates.  Even  a  single  drop  of  liquid  obtained  in  any  of 
these  experiments  may  be  filtered  by  placing  it  on  a  filter 
not  larger  than  a  sixpence  and  previously  moistened  with 
water,  and  adding  three  or  four  drops  of  water,  one  after 
the  other  as  each  passes  through  the  paper;  or  a  drop  of 
mixture  may  be  placed  on  a  fragment  of  damped  filter-paper 
on  a  glass  slide,  the  latter  then  tilted,  and  a  clear  drop  be 
drained  off  from  the  paper  on  to  the  slide  ready  for  the 
addition  of  a  reagent.  If  the  calculus  is  suspected  to  con- 
tain more  than  one  substance,  boil  about  half  a  grain  of 
the  powder  in  half  a  test-tubeful  of  distilled  water  for  a 
few  minutes  and  pour  it  on  a  small  filter;  then  proceed 
according  to  the  following  Table : — 


Insoluble. 

Phosphates,  oxalate  of  calcium,  and  free 
uric  acid. 

Boil  with  two  or  three  drops  of  hydrochloric 
acid,  and  filter. 


Insoluble. 

Uric  acid. 
Apply  the 

murexid 
test 

(p.  427). 


Soluble. 

Phosphates  and  oxalate  of 
calcium. 
Add  excess  of  ammonia,  and 
then  excess  of  acetic  acid  ;  filter. 


Insoluble. 

Oxalate  of 
calcium. 


Soluble. 

Phosphates. 
They  may  be  re- 
pptd.  by  ammonia. 


Soluble. 

Urates. 
These  will  pro- 
bably be  redeposited 
as  the  solution  cools. 
Small  quantities 
may  be  detected  by 
evaporating  the  solu- 
tion to  dryness.  They 
are  tested  for  am- 
monium, sodium, 
calcium,  and  the  uric 
radical  by  the  appro- 
priate reagents. 


Varieties  of  calculi. — Calculi  composed  entirely  of  uric 
acid  are  common  ;  a  minute  portion  heated  on  platinum  foil 
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chars,  burns,  and  leaves  scarcely  a  trace  of  ash.  _  The  phos- 
phates frequently  occur  together,  forming  what  is  known  as 
the  fusible  calculus,  from  the  readiness  with  which  a  frag- 
ment aggregates,  and^  even  fuses  to  a  bead,  when  heated  on 
a  loop  of  platinum  wire  in  the  blowpipe-flame.    The  phos- 
phates may,  if  necessary,  be  further  examined  by  the  method 
described  in  connection  with  urinary  deposits.    Oxalate  of 
calcium  often  occurs  alone,  forming  a  dark-coloured  calculus 
having  a  very  rough  surface,  hence  termed  the  mulberry  cal- 
culus.   Smaller  calculi  of  the  same  substance  are  called,  from 
their  appearance,  hempseed  calculi.    Calculi  of  cystin  are 
rarely  met  with.    Xanthine  (from  fjavOos,  xanthos,  yellow,  in 
allusion  to  the  colour  it  yields  with  nitric  acid)  still  less 
often  occurs  as  a  calculus.  The  earthy  concretions,  or  "  chalk- 
stones,"  which,  frequently  form  in  the  joints  of  gouty  persons 
are  composed  chiefly  of  urates,  the  sodium  salt  being  that 
most  commonly  met  with.    Gall-stones,  or  biliary  calculi, 
occasionally  form  in  the  gall-bladder ;  they  contain  cholesterni 
(from  Xo^V,  cJwle,  bile,  and  aTepebs,  stereos,  solid),  a  tatty  sub- 
stance of  alcoholoid  constitution,  soluble  in  rectified  spirit  or 
ether,  and  crystallizing  from  such  solutions  m  well-detmed, 
square,  scaly  crystals.    Phosphatic  and  other  calculi  oi  many 
pounds  weight  are  occasionally  found  in  the  stomach  and 
larger  intestines  of  animals. 

QUESTIONS  AND  EXERCISES. 

In  breathing,  how  much  carbon  (in  the  form  of  carbonic  acid  gas)  is 
exhaled  from  the  lungs  every  24  hours  ?-How  may  the  presence  of  car- 
bonic acid  gas  in  expired  air  be  demonstrated  ?-Mention  an  experiment 
showing  the  escape  of  moisture  from  the  lungs  during  breathing.— btate 
^  method  of  testing  for  albumen  in  urine.-Give  the  tests  or  sugar  m 
urine -What  is  the  average  composition  of  healthy  urine  ?-Gne  tlie 
tests  or  urea.-Write  the  rational  formula  of  some  compound  ureas  m 
whfch  methyl  or  ethyl  displaces  hydrogen. -Describe  „ 
for  the  production  of  urea,  giving  equations.-Sketch  out  a  plan mi 
the  chemical  examination  of  urinary  sediments.-A  deposit .n 
in  the  supernatant  urine  or  in  acetic  acid;  of  *  "  „' 

consist?— Which  compounds  are  indicated  when  a  deposit  iedissol\es  on 
warning  it  with  the  supernatant  urine  ?-Name  the  salts  msotable  m 
vanned  urine,  but  dissolved  on  the  addition  of  acetic  acid.-M ntion  the 
chemical  characters  of  cystin.  At  what  stage  of: ana  lysis  would-be 
recognised  ?— Describe  the  microscopical  appearances  of  the  lo uowinfc 
urinary  deposits  :-uric  acid,  cystin,  triple  phosphate,  ^.PjSggf 
urates  oxalate  of  calcium,  carbonate  of  calcium,  h.ppur.c  w^*™"**™* 
e!  Sieiial  ifert,  blood,  pus,  mucus  fat  ^"^^ZX^^Z 
bodies.— How  are  Day's  tests  for  blood,  pus,  and  sain  a  applied  . 
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the  physical  and  chemical  characters  of  urinary,  calculi.— How  are  urinary 
calculi  prepared  for  chemical  examination  ?—  Draw  out  a  chart  for  the 
chemical  examination  of  urinary  calculi.— Why  is  the  "  fusible  calculus  " 
so  called  ?  and  what  is  its  composition  ?— State  the  characters  of  "  mul- 
berry "  and  "hempseed"  calculi.— What  are  "chalk-stones"  of  gout,  and 
"gall-stones"  or  "biliary  calculi"? 


THE  GALENICAL  PREPARATION  S  OF  THE 
BRITISH  PHARMACOPCEIA. 

The  preparation  of  Cerates,  Confections,  Decoctions, 
Enemas,  Extracts,  Glycerines,  Infusions,  Inhalations,  Juices, 
Liniments,  Lozenges,  Mixtures,  Ointments,  .Pills,  Plasters, 
Poultices,  Powders,  Spirits,  Suppositories,  Syrups,  Tinctures, 
and.  Wines,  includes  a  number  of  mechanical  rather  than 
chemical  operations,  and  belongs  to  the  domain  of  pure 
Pharmacy.  The  medical  or  pharmaceutical  pupil  will  pro- 
bably have  had  some  opportunity  of  practically  studying 
these  compounds  before  working  at  experimental  chemistry, 
and  may  have  prepared  many  of  them  according  to  the 
directions  of  the  Pharmacopoeia ;  if  not,  he  is  referred  to  the 
page3  of  the  last  edition  of  that  work  for  details. 

Among  the  extracts,  however,  there  are  five  (namely,  those 
of  Aconite,  Belladonna,  Hemlock,  Henbane,  and  Lettuce) 
which  are  not  simply  evaporated  infusions,  decoctions,  or 
tinctures,  like  most  others,  but  are  evaporated  juices  from 
which  vegetable  albumen,  the  supposed  source  of  fermenta- 
tion and  decay  has  been  removed,  and  chlorophyll  (the  green 
colouring-matter  of  plant-juice)  retained  practically  unim- 
paired in  tint.  For  educational  practice  either  of  the  above- 
named  five  raw  materials  may  be  employed  ;  but  in  order  that 
attention  may  be  concentrated  on  the  process  by  which  the 
extracts  are  prepared,  rather  than  on  any  one  of  the  extracts 
themselves,  it  suffices  to  make  an  extract  of  some  ordinary 
green  vegetable,  such  as  cabbage  or  turnip-tops.  Bruise  the 
green  leaves  of  a  good- sized  cabbage  in  a  mortar,  and  press 
out  the  juice  ;  heat  it  gradually  to  130°  F.,  and  remove  the 
green  flocks  of   chlorophyll  which  separate,  by  filtration 
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through  calico.  When  the  liquor  has  all  passed  through  the 
filter,  set  the  chlorophyll  aside  for  a  time,  heat  the  strained 
liquor  to  200°  F.  to  coagulate  albumen  ;  remove  the  latter  by 
filtration  and  throw  it  away;  evaporate  the  filtrate  on  a 
water-bath  to  the  consistence  of  thin  syrup ;  then  add  to  it 
the  chlorophyll,  first  passing  the  latter  through  a  hair  sieve, 
to  break  up  clots,  and,  stirring  the  whole  together  assiduously, 
continue  the  evaporation  at  a  temperature  not  exceeding  140° 
F.,  until  the  extract  is  of  a  suitable  consistence  for  forming 
pills.  A  higher  temperature  than  that  indicated  would  cause 
the  alteration  of  the  chlorophyll  to  a  dark-brown  substance, 
any  such  extract  used  in  pharmacy  no  longer  having  the 
green  tint  which  custom  and  the  British  Pharmacopoeia  de- 
mand.  

QUESTIONS  AND  EXERCISES. 

Enumerate  the  different  classes  into  which  official  galenical  prepara- 
tions may  be  divided—Describe  the  general  process  for  the  preparation 
of  green  extracts  :  -  aconite,  belladonna,  hemlock,  henbane,  lettuce.- Why 
is  vegetable  albumen  excluded  in  the  preparation  of  green  extracts?— 
How  may  chlorophyll  be  removed  from  vegetable  juices,  and  again  be 
introduced  into  their  evaporated  residues,  without  destroying  its  colour . 
-For  what  reason  is  exposure  of  chlorophyll  to  a  boiling  temperature 
avoided  in  the  manufacture  of  green  extracts? 


THE  CHEMICAL  PBEP  ABATION S  OF  THE 
BEITISH  PHAEMACOPCEIA. 

The  process  by  which  every  official  chemical  substance  is 
prepared  has  already  been  described,  and  the  strictly  chemical 
character  of  the  processes  illustrated  by  experiments  and  ex- 
plained by  aid  of  equations.  Should  the  reader,  in  addition, 
desire  an  intimate  acquaintance  with  those  details  of  mani- 
pulation on  which  the  successful  and  economic  manufacture 
of  chemical  substances  depends,  he  is  advised  to  prepare  it 
he  has  not  done  so  already,  a  few  ounces  of  each  of  the  salts 
mentioned  in  the  British  Pharmacopoeia  or  commonly  used 
in  Pharmacy.  An  additional  guide  in  these  operations  will 
be  the  Pharmacopoeia  itself. 
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The  production  of  many  chemical  and  galenical  substances 
on  a  commercial  scale  can  only  be  successfully  carried  on  in 
manufacturing  laboratories,  and  with  some  knowledge  of  the 
circumstances  of  supply  and  demand,  value  of.  raw  material, 
and  by-products,  etc. ;  for  the  technical  preparation  of  such 
substances  requires  much  knowledge  beyond  even  a  thorough 
acquaintance  with  chemistry.  Still,  in  the  present  day,  com- 
mercial Chemistry  and  Pharmacy  can  best  hope  for  success 
when  founded  on  the  working  out  of  abstract  scientific 
principles.  The  problem  of  manufacturing  success  is 
now  only  solved  with  certainty  by  sound  and  wisely-applied 
science. 


Memorandum.— The  next  subjects  of  experimental  study 
will  be  determined  by  the  nature  of  the  student's  future 
pursuits.  In  most  cases  the  operations  of  quantitative 
analysis  will  engage  attention.  These  should  be  of  a  volu- 
metric and  gravimetric  character ;  for  details  concerning 
them,  see  the  following  pages. 


A.C. 
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INTRODUCTORY  REMARKS. 

General  Principles— The  proportions  in  which  chemical 
substances  unite  with  each  other  in  forming  compounds  are 
definite  and  invariable  (p.  45).  Quantitative  analysis  is  based 
on  this  law.  When,  for  example,  aqueous  solutions  of  a  salt 
of  silver  and  a  chloride  are  mixed,  a  white  curdy  precipitate 
is  produced  containing  chlorine  and  silver  in  atomic  pro- 
portions—that is,  35-5  parts  of  chlorine  to  108  of  silver.  No 
matter  what  the  chloride  or  what  the  salt  of  silver,  the  re- 
sulting chloride  of  silver  is  invariable  in  composition.  The 
formula  AgCl  is  a  convenient  picture  of  this  compound  in 
these  proportions.  The  weight  of  a  definite  compound  being 
given,  therefore,  the  proportional  amounts  of  its  constituents 
can  be  ascertained  by  simple  calculation.  Suppose,  for  in- 
stance, 8-53  parts  of  chloride  of  silver  have  been  obtained  in 
some  analytical  operation  :  this  amount  will  contain  2- 11 
parts  of  chlorine  and  6-42  of  silver.  For  if  143-5  (the  mole- 
cular weight)  of  chloride  of  silver  contain  35'5  (the  atomic 
weight)  of  chlorine,  8-53  of  chloride  of  silver  will  be  found 
to  contain  2-11  of  chlorine  :— 

143-5  :  35-5    ::   8-53  :  x 
8-53 


1-0G5 
17-75 
284-0 


143-5)302-815(2-ll 
287-0 


15-81 
14-35 


1-4G5 

1-435  a-2'11 


And  if  143-5  of  chloride  of  silver  contain  108  of  silver,  8-o3 
of  chloride  of  silver  will  contain  6-42  of  silver.  To  ascertain, 
for  example,  the  amount  of  silver  in  a  substance  containing, 
say,  nitrate  of  silver,  all  that  is  necessary  is  to  take  a  weighed 
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quantity  of  the  substance,  dissolve  it,  precipitate  the  whole  of 
the  silver  by  adding  hydrochloric  acid  or  other  chloride  till 
no  more  chloride  of  silver  falls,  collect  the  precipitate  on  a 
filter,  wash,  dry,  and  weigh.  The  amount  of  silver  in  the 
dried  chloride,  ascertained  by  calculation,  is  the  amount  of 
silver  in  the  quantity  of  substance  on  which  the  operation 
was  conducted;  a  rule-of-three  sum  gives  the  quantity  per 
cent._the  form  in  which  the  results  of  quantitative  analyses 
are  usually  stated.  Occasionally  a  constituent  of  a  substance 
admits  of  being  isolated  and  weighed  in  the  uncombined 
state.  Thus  the  amount  of  mercury  in  a  substance  may  be 
determined  by  separating  and  weighing  the  mercury  in  the 
metallic  condition ;  if  occurring  as  calomel  (HgCl)  or  corro- 
sive sublimate  (HgCl2),  the  proportion  of  chlorine  may  then 
be  ascertained  by  calculation  (Hg  =  200  ;  Cl  =  35"5). 

Nature  of  Gravimetric  Quantitative  Analysis.— As  above 
stated,  a  body  may  be  isolated  and  iveighed  and  its  quantity 
thus  ascertained  ;  or  it  may  be  separated  and  weighed  in 
combination  with  another  body  whose  combining  proportion 
is  well  known ;  this  is  quantitative  analysis  by  the  gravi- 
metric method. 

Nature  of  Volumetric  Qicantitative  Analysis. — Volumetric 
operations  depend  for  success  on  some  accurate  initial  gravi- 
metric operation.  A  iveighed  amount  of  a  pure  salt  is  dis- 
solved in  a  given  volume  of  water  or  other  fluid,  and  thus 
forms  a  standard  solution.  Accurately  measured  quantities 
of  such  a  solution  will  obviously  contain  just  as  definite 
amounts  of  the  dissolved  salt  as  if  those  amounts  were 
actually  iveighed  in  a  balance ;  and  as  measuring  occupies 
less  time  than  weighing,  the  volumetric  operations  can  be 
conducted  with  great  economy  of  time  as  compared  with 
the  corresponding  gravimetric  operations.  Quantitative 
analysis  by  the  volumetric  method  consists  in  noting  the 
volume  of  the  standard  liquid  required  to  be  added  to  the 
substance  under  examination  before  a  given  effect  is  pro- 
duced. Thus,  for  instance,  a  solution  of  nitrate  of  silver  of 
known  strength  may  be  used  in  experimentally  ascertaining 
an  unknown  amount  of  a  chloride  in  any  substance.  The 
silver  solution  is  added  to  a  solution  of  a  definite  quantity 
of  the  substance  until  flocks  of  chloride  of  silver  cease  to 
be  precipitated :  every  108  parts  of  silver  added  (or  170  of 
nitrate  of  silver:  Ag=  108,  N  =  14,  0?  =  48 ;  total  170)  indi- 
cate the  presence  of   35*5  of  chlorine,  or   an  equivalent 
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quantity  of  any  chloride.  The  preparation  of  a  standard  solu- 
tion, such  as  that  of  the  nitrate  of  silver  to  which  allusion 
is  here  made,  requires  much  care ;  but  once  it  is  prepared, 
certain  analyses  can,  as  already  indicated,  be  executed  with 
far  more  rapidity  and  ease  than  by  gravimetric  proeesses. 

Quantitative  Determination  of  (a)  Atmospheric  Pressure 
(6)  Temperature,  and  (c)  Weight.— The  analysis  of  solids  and 
liquids  often  involves  quantitative  determinations  not  only 
of  weight,  as  just  indicated,  but  of  temperature  and  atmo- 
spheric pressure.  The  two  latter  processes  will  now  be 
explained,  after  which  an  outline  of  volumetric  and  gravi- 
metric quantitative  analysis  will  be  given  The  scope  of 
this  work  precludes  any  attempt  to  describe  all  the  little 
mechanical  details  observed  by  quantitative  analysts  ;  essen- 
tial operations,  however,  are  so  fully  treated  that  expert 
manipulators  will  meet  with  little  difficulty. 


QUANTITATIVE  DETERMINATION  OF  ATMOSPHERIC 

PRESSURE. 


Fig.  63.  .  , 

The  Barometer— The  analysis  oi 
gases  and  vapours  involves  deter- 
minations of  the  varying  pressure 
of  the  atmosphere  as  indicated  by 
the  barometer  (from  /3apos,  baros, 
weight,  and  /xerpov,  metron,  mea- 
sure). . 

The  ordinary  mercurial  baro- 
meter is  a  glass  tube  33  or  34  inches 
long,  closed  at  one  end,  filled  with 
mercury,  and  inverted  in  a  small 
cistern  or  cup  of  mercury  (fig.  G3). 
The  mercury  remains  in  the  tube, 
owing  to  the  weight  or  pressure 
of  the  atmosphere  on  the  exposed 
surface  of  the  liquid,  the  average 
height  of  the  column  being  nearly 
30  inches.    In  the  popular  form  of 
the  instrument,  the  wheel  baro- 
meter, the  cistern  is  formed  by  a 
recurvature  of  the  tube  (fig.  04) ; 
u arometeb.  on  the  exposed  surface  of  the  mer- 


Fig.  64. 
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cury  a  float  is  placed,  from  which  a  thread  passes  over  a 
pulley  and  moves  an  index  whenever  the  column  of  mercury 
rises  or  falls.  As  supplied  to  the  public,  these  barometers 
are  usually  enclosed  in  ornamental  frames  with  thermometers 
attached.  In  the  wheel  barometer  the  glass  tube  and  con- 
tained column  of  mercury  are  altogether  enclosed,  the  index 
alone  being  visible.  In  the  other  variety  the  upper  end  of 
the  glass  tube  and  mercurial  column  are  exposed,  and  the 
height  of  the  mercury  is  ascertained  by  direct  observation. 

The  aneroid  barometer  (from  d,  a,  without,  and  vrjpos,  neros, 
fluid)  consists  of  a  small  shallow  vacuous  metal  drum,  the 
sides  of  which  approach  each  other  when  an  increase  of  atmo- 
spheric pressure  occurs,  their  elasticity  enabling  them  to 
recede  towards  their  former  position  on  a  decrease  of  pressure. 
This  motion  is  so  multiplied  and  altered  in  direction  by 
levers,  etc.,  as  to  act  on  a  hand  traversing  a  plate  on  which 
are  marked  numbers  corresponding  with  those  showing  the 
height  of  the  mercurial  column  of  the  ordinary  barometer  by 
which  the  aneroid  was  adjusted.  The  Bourdon  barometer 
(from  the  name  of  the  inventor)  is  a  modified  aneroid,  con- 
taining in  the  place  of  the  round  metal  box  a  flattened  vacu- 
ous tube  of  metal  bent  nearly  to  a  circle.  These  barometers 
are  also  useful  for  measuring  the  pressure  in  steam-boilers, 
etc.  Under  the  name  of  pressure-gauges  they  are  sold  to  in- 
dicate pressure  of  500  pounds  per  square  inch  and  upwards. 
From  their  portability  (they  can  be  made  of  1  to  2  inches  in 
diameter  and  less  than  an  inch  thick)  they  are  handy  com- 
panions for  travellers  wishing  to  know  the  heights  of  hills, 
mountains,  and  other  elevations. 

For  further  information  concerning  the  influence  of  pres- 
sure on  the  volume  of  a  gas  or  vapour,  see  p.  731 ;  and  for 
descriptions  of  the  methods  of  analysing  gases,  refer  to  Ganot's 
"  Physics "  (translated  by  Atkinson),  Miller's  "  Chemical 
Physics,"  and  "  Analysis  of  Gases  "  in  Watts's  "  Dictionary 
of  Chemistry." 


QUANTITATIVE  DETERMINATION  OF  TEMPERATURE. 

General  Principles. — As  a  rule,  all  bodies  expand  on  the 
addition,  and  contract  on  the  abstraction,  of  heat,  the  altera- 
tion in  volume  being  constant  and  regular  for  equal  incre- 
ments or  decrements  of  temperature.  The  extent  of  this 
alteration  in  a  given  substance,  expressed  in  parts  or  degrees, 


710 


QUANTITATIVE  ANALYSIS. 


constitutes  the  usual  method  of  intelligibly  stating  with 
accuracy,  precision,  and  minuteness  a  particular  condition  of 
warmth  or  temperature — that  is,  of  sensible  heat.  The  sub- 
stance commonly  employed  for  this  purpose  is  mercury,  the 
chief  advantages  of  which  are,  that  it  will  bear  a  high  tem- 
perature without  boiling,  a  low  temperature  without  freezing, 
does  not  adhere  to  glass  to  a  sufficient  extent  to  "  wet "  the 
sides  of  any  tube  in  which  it  may  be  enclosed,  and,  from  its 
good  conducting-power  for  heat,  responds  rapidly  to  changes 
of  temperature.  Platinum,  earthenware,  alcohol,  and  air  are 
also  occasionally  used  for  thermometric  purposes. 

The  Thermometer.— construction  of  an  accurate  ther- 
mometer is  a  matter  of  great  difficulty  ;  but  the  following  are 
the  leading  steps  in  the  operation.    Select  a  piece  of  glass 
tubing  having  a  fine  capillary  (capillus,  a  hair)  bore,  and 
about' a  foot  long  ;  heat  one  extremity  in  the  blowpipe-flame 
until  the  orifice  closes,  and  the  glass  is  sufficiently  soft  .to 
admit  of  a  bulb  being  blown ;  heat  the  bulb  to  expel  air,  im- 
mediately plunging  the  open  extremity  of  the  tube  into 
mercury  ;  the  bulb  having  cooled,  and  some  mercury  having 
entered  and  taken  the  place  of  expelled  air,  again  heat  the 
bulb  and  tube  until  the  mercury  boils  and  its  vapour  escapes 
through  the  bore  of  the  tube;  again  plunge  the  extremity 
under  mercury,  which  will'  probably  now  completely  fill  the 
bulb  and  tube.    When  cold,  the  bulb  is  placed  in  melting 
ice.    The  top  of  the  column  of  mercury  in  the  capillary  tube 
should  then  be  within  an  inch  or  two  of  the  bulb ;  if  higher, 
some  of  the  mercury  must  be  expelled  by  heat ;  if  lower, 
more  metal  must  be  introduced  as  before.    The  tube  is  now 
heated  near  the  open  end  and  a  portion  drawn  out,  until  the 
diameter  is  reduced  to  about  one-tenth.    The  bulb  is  next 
warmed  until  the  mercurial  column  rises  above  the  constricted 
part  of  the  tube,  which  is  then  rapidly  fused  in  the  blow- 
pipe-flame, and  the  extremity  of  the  tube  removed 

The  instrument  is  now  ready  for  graduation.  The  bulb  is 
placed  in  the  steam  just  above  some  rapidly  boiling  water 
a  medium  having,  ceteris  paribus,  an  invariable  tempera- 
ture), and  when  the  position  of  the  top  of  the  mercunal 
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column  is  constant  (the  flask  containing  the  water  and  steam 
being  jacketed  to  prevent  loss  of  heat  by  radiation),  a  mark 
is  made  on  the  stem  by  a  scratching  diamond  or  a  file.  This 
operation  is  repeated  with  melting  ice  (also  a  medium  having 
an  invariable  temperature).    The  space  between  these  two 
marks  is  divided  into  a  certain  number  of  intervals  termed 
degrees.    Unfortunately,  this  number  is  not  uniform  in  all 
countries :  in  England  it  is  180,  as  proposed  by  Fahrenheit ; 
in  France  100,  as  proposed  by  Celsius  (the  Centigrade  scale) 
a  number  generally  adopted  by  scientific  men  :  in  some  parts 
of  the  Continent  the  divisions  are  80  for  the  same  interval, 
as  suggested  by  Reaumur.    "Whichever  be  the  number 
selected,  similar  markings  should  be  continued  beyond  the 
boiling  and  freezing  points  as  far  as  the  length  of  the  stem 
admits.    They  may  be  made  on  the  stem  itself,  or  on  any 
wood,  metal,  or  earthenware  frame  on  which  the  stem  is 
mounted. 


Fig.  65. 
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Thermometric  Scales  (Fig.  65).— On  the  Centigrade  (C.) 
and  Reaumur  (R.)  scales  the  freez- 
ing-point of  water  is   made  zero, 
and  the  boiling-point  100  and  80 
respectively ;    on    the  Fahrenheit 
(F.)  scale  the  zero  is  placed  32  de- 
grees below  the  congealing-point  of 
water,  the  boiling-point  of  which 
becomes,  consequently,  212.  Even 
on  the  Fahrenheit  system  tempera- 
tures below  the   freezing-point  of 
water  are  often  spoken  of  as  "  de- 
grees of  frost "  ;  thus  19°  as  marked 
on  the  thermometer  would  be  re- 
garded as  "  13  degrees  of  frost." 
It  is  to  be  regretted  that  the  freez- 
ing-point of   water  is  not  univer- 
sally regarded    as  the  zero-point, 
and  that  the  number   of  intervals 
between  that  and  the  boiling-point . 
is  not  everywhere  the  same. 

The  degrees  of  one  scale  are  easily  converted  into  those  of 
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another  if  their  relations  be  remembered,  namely  :  180  (F.), 
100  (C),  80  (R.) ;  or  18,  10,  and  8 ;  or  best,  9,  5,  and  4. 

Formulce  for  the  Conversion  of  Degrees  of  one  Thermometric 
Scale  into  those  of  Another. 

F.  =  Fahrenheit.  C.  =  Centigrade. 

R.  =  Reaumur.  D.=The  observed  degree. 

If  above  the  freezing-point  of  water  (32°  F. ;  0°C. ;  0°R.):— 

F.  into  C   (D-32)-=-9x  5. 

F.  „    R   (D-32)-h9x  4. 

C.   „    F   D-r  5  X9  +  32. 

R.   ,;    F   D-H  4  X9  +  32. 

If  below  freezing,  but  above  0°  F.  ( —  17-77°  C. ;  - 14-22°  R.)  :- 

F.into  C  -(32-D)  -9x5. 

F.   „    E  -(32-D)  -9x4. 

C.        F  32-(D-5x9). 

E.  „    F  32-(D-4x9). 

If  below  0°  F.  (-  17-77°  C. ;  - 1422°  R.)  :- 

F.  intoC  -(D  +  32)-9  x5. 

F.  „    E  -(D  +  32)-9  x4. 

O        F  -(Dh-  5  x9)-32. 

E.       F  -(D-  4x9) -32. 

For  all  degrees  : — 

C.  intoE  D-r5x4. 

E.   „   C  D-4x5. 

In  ascertaining  the  temperature  of  a  liquid,  the  bulb  of  a 
thermometer  is  simply  inserted  and  the  degree  noted.  In 
determining  the  boiling-point,  also,  the  bulb  is  inserted  in 
the  liquid,  if  a  pure  substance.  In  taking  the  boiling-point 
of  a  substance  which  is  being  distilled  from  a  mixture,  the 
bulb  of  the  thermometer  should  be  in  the  vapour  but  not 
beneath  nor  very  near  to  the  surface  of  the  boiling  liquid. 

The  "boiling-point"  of  a  liquid  is  the  temperature  at 
which  the  elasticity  of  the  vapour  of  the  substance  over- 
comes the  atmospheric  or  other  pressure  to  which  the  liquid 
is  exposed.  If  the  pressure  is  equal  to  760  mm.  (29-92 
inches)  of  mercury,  water  will  boil  at  100°  C.  (212  F.).  The 
boiling-point  of  a  drop  of  a  fluid  is  taken  by  introducing  it 
into  the  closed  extremity  of  a  small  U  tube,  the  remaining 
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portion  of  the  closed  limb  being  filled  with  mercury.  The 
tube  is  lowered  into  a  bath,  the  open  limb  being  above  the 
surface  of  the  fluid  of  the  bath.  The  bath  is  slowly  and 
equally  heated,  and  the  boiling-point  of  the  liquid,  indicated 
by  the  mercury  falling  until  it  is  level  in  the  two  limbs, 
taken  by  a  thermometer  whose  bulb  is  close  to  the  U  tube. 

The  folloiving  are  the  boiling-points  of  a  few  substances 
met  with  in  pharmacy  : — 


Alcohol,  absolute  

„       84  per  cent  

„       49  per  cent,  (proof  spirit)  

amylic  

Benzol  

Bromine  (below) 

Benzoic  acid  

Carbolic  acid  

Chloroform  •  

Ether  (B.P.)  (below) 

„  pure  

Mercury  in  vacuo  (as  in  a  thermometer) .    .  . 

"  in  air  (barom.  at  30  inches)  .... 
Water  (barom.  at  29-92  inches)  

ii     (        ii     29'33     ii  )  

„     (        „     28-74     „  )  

Saturated  solutions  of : — 

Cream  of  tartar  

Common  salt  

Sal-ammoniac  

Nitrate  of  sodium  

Acetate  of  sodium  

Chloride  of  calcium  


Centigrade. 

Fahrenheit. 

I7Q.O 

t&'o 

lio 

/y  o 

I/O 

Q1  .A 

814 

1  *7Q.K 

i/o  o 

16a  a 

07A 

oU  0 

1  77 
III 

no 
DO 

462 

187-8 

370 

61 

142 

40-5 

105 

35 

95 

304 

580 

350 

662 

100 

212 

99-5 

211 

99 

210 

101 

214 

106-6 

224 

113-3 

236 

119 

246 

124-4 

256 

179-4 

855 

To  determine  Melting-Points  of  Fats. — To  melt  at  a  given 
temperature  is  a  constant  property  of  a  substance  ;  therefore 
a  melting-point,  once  it  is  accurately  determined,  becomes  a 
valuable  indicator  of  purity  in  a  substance.  Heat  a  frag- 
ment of  the  substance  (spermaceti  or  wax,  for  example)  till 
it  liquefies,  and  then  draw  up  a  small  portion  into  a  thin 
glass  tube,  about  the  size  of  a  knitting-needle.  Immerse  the 
tube  in  cold  water  contained  in  a  beaker,  and  slowly  heat 
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the  vessel  till  the  thin  opaque  cylinder  of  solid  fat  melts 
and  becomes  transparent ;  a  delicate  thermometer  placed  in 
the  water  indicates  the  point  of  change  to  the  fifth  of  a 
degree.  Remove  the  source  of  heat,  and  note  the  congealing 
point  of  the  substance ;  it  will,  in  nearly  all  cases,  be  identi- 
cal with  or  close  to  the  melting-point. 

The  following  are  melting-points  of  substances  official  in 
the  British  Pharmacopoeia  :— 


Acetic  acid,  glacial  

,,  ,,     congeals  at  

Benzoic  acid  

Carbolic  acid  •    •    •  • 

Oil  of  theobroma  (about) 

Phosphorus  • 

Prepared  lard  (about) 

„       suet  ;    • '  • 

Spermaceti  •    •    •    •  • 

White  wax  

Yellow  wax  


In  degrees 
Centigrade. 


8-9 
11 

120 

35 

32 

43-3 

38 

39-5 
44  to  50 

63-3 

63-3 


In  degrees 
Fahrenheit. 


48 

34 
248 

95 

90 
110 
100 
103 
111  to  122 
146 
146 


Pyrometers.— Temperatures  above  the  boiling  point  of  mer- 
cury are  determined  by  ascertaining  to  what  extent  a  bar  of 
platinum  or  porcelain  has  elongated.  The  bar  is  enclosed  in 
a  cavity  of  a  suitable  case,  a  plug  of  platinum  or  porcelain 
placed  at  one  end  of  the  bar,  and  the  whole  exposed  m  the 
region  the  temperature  of  which  is  to  be  found.  After  cool- 
ing, the  distance  to  which  the  bar  has  forced  the  plug  along 
the  cavity  is  accurately  measured  and  the  corresponding 
degree  of  temperature  noted.  The  value  of  the  distance  is 
fixed  for  low  temperatures  by  comparison  with  a  mercurial 
thermometer,  and  the  scale  carried  upwards  through  intervals 
of  equivalent  length.  Such  thermometers  are  conventionally 
distinguished  from  ordinary  instruments  by  the  name pyro- 
meter (from  ™P,  pur,  fire,  and  ^rpov,  metron,  measure). 

The  order  of  fusibility  of  a  few  of  the  metals  is  as  fol- 
lows : — 


TEMPERATURE. 


715 


Mercury  . 
Potassium 
Sodium  . 
Tin  .  . 
Bismuth . 
Lead  .  . 
Zinc  .  . 
Antimony 
Silver  . 
Copper  . 
Gold  .  . 
Cast  iron 


In  degrees 

In  degrees 
Fahrenheit. 

-  39-4 

-  39 

+  62-5 

+  144-5 

97-6 

207-7 

227-8 

442 

264 

507 

325 

617 

411-6 

773 

621 

1150 

1  Q7Q 

1091 

1996 

1102 

2016 

1530 

2786 

QUESTIONS  AND  EXERCISES. 
On  what  fundamental  laws  are  the  operations  of  quantitative  analysis 
based  ?— What  is  the  general  nature  of  gravimetric  quantitative  analysis  ? 
—Describe  the  general  principle  of  volumetric  quantitative  analysis.— 
How  are  variations  in  atmospheric  pressure  determined  ?— Explain  the 
construction  and  mode  of  action  of  barometers. — In  what  respect  does 
a  wheel-barometer  differ  from  an  instrument  in  which  the  readings  are 
taken  from  the  top  of  the  column  of  mercury  ?— Describe  the  principles 
of  action  of  an  aneroid  barometer.— On  what  general  principles  are  ther- 
mometers constructed  ?— What  material  is  employed  in  making  thermo- 
meters?—Why  is  mercury  selected   as  a  thermometric  indicator? — 
Describe  the  manufacture  of  a  mercurial  thermometer.— How  are  ther- 
mometers graduated  ? — Give  formulas  for  the  conversion  of  the  degrees  of 
one  thermometric  scale  into  those  of  another,  (a)  when  the  temperature 
is  above  the  freezing-point  of  water,  (b)  below  32°  F.  but  above  0°  F., 
and  (c)  below  0°  F.— Name  the  degree  C.  equivalent  to  60°  F.— What 
degree  C.  is  represented  by  -  4C  F.  ?— Mention  the  degree  F.  indicated  by 
20°  C.— Convert  100°  R.  into  degrees  C.  and  F.— State  the  boiling-points 
of  alcohol,  chloroform,  ether,  mercury,  and  water  on  either  thermometric 
scale. — Describe  the  details  of  manipulation  in  estimating  the  melting- 
points  of  fats. — In  what  respect  do  pyrometers  differ  from  thermometers  ? 
— Mention  the  melting-points  of  glacial  acetic  acid,  oil  of  theobroma,  lard, 
suet,  and  wax. — Give  the  fusing-points  of  tin,  lead,  zinc,  copper,  and  cast 


iron. 


QUANTITATIVE  DETERMINATION  OF  WEIGHT. 

All  bodies,  celestial  and  terrestrial,  attract  each  other,  the 
amount  of  attraction  being  in  direct  proportion  to  the  quan- 
tity of  matter  of  which  they  consist,  and  in  inverse  propor- 
tion to  the  squares  of  their  distances.  This  is  gravitation. 
When  gravitation  in  certain  directions  is  exactly  counter- 


716 


QUANTITATIVE  ANALYSIS. 


balanced  by  gravitation  in  opposite  directions,  a  body  {e.g. 
the  earth)  remains  suspended  in  space.  Such  a  body,  in 
relation  to  other  bodies,  has  gravity  but  not  weight.  Weight 
is  the  effect  of  gravity,  being  the  excess  of  gravitation  in  one 
direction  over  and  above  that  exerted  in  the  opposite  direc- 
tion. Weight,  truly,  in  any  terrestrial  substance,  is  the 
excess  of  attraction  which  it  and  the  earth  have  for  each 
other  over  and  above  the  attraction  of  each  in  opposite 
directions  by  the  various  heavenly  bodies.  But,  practically, 
the  weight  of  any  terrestrial  substance  is  the  effect  of  the 
attraction  of  the  earth  only.  Specific  iveight  is  the  definite 
or  precise  weight  of  a  body  in  relation  to  its  bulk  ;  it  is  more 
usually  but  not  quite  correctly  termed  specific  gravity— 
gravity  belonging  to  the  earth,  and  not,  in  any  sensible 
degree,  to  the  substance.* 


QUESTIONS  AND  EXERCISES. 

What  is  understood  by  gravitation  1— State  the  difference  between 
weight  and  gravity.— Mention  a  case  in  which  a  body  has  gravity  but  no 
apparent  weight.— Practically,  what  causes  the  weight  of  terrestrial 
substances  ?  

Weights  and  Measures. 

The  Balance. — The  balance  used  in  the  quantitative  opera- 
tions of  analytical  chemistry  must  be  accurate  and  sensitive. 
The  points  of  suspension  of  the  beam  and  pan  should  be 
polished  steel  or  agate  knife-edges,  working  on  agate  planes. 
It  should  turn  easily  and  quickly,  without  too  much  oscilla- 
tion, to  ^  or  of  a  grain,  or  TV  of  a  milligramme  when 
1  000  grains,  or  50  or  60  grammes,  are  placed  in  each  pan. 
(Grammes  are  weights  of  the  metric  system,  a  description  of 
which  is  given  on  the  next  two  or  three  pages.)  The  beam 
should  be  light  but  strong,  capable  of  supporting  a  load  ot 
1  500  crrains  or  100  grammes  :  its  oscillations  are  observed  by 
help  of  a  long  index  attached  to  its  centre,  and  continued 
downwards  for  some  distance  in  front  of  the  supporting 
pillar  of  the  balance.  The  instrument  should  be  provided 
with  screws  for  purposes  of  adjustment,  a  mechanical  con- 
trivance for  supporting  the  beam  above  its  bearings  when  not 
in  use  or  during  the  removal  or  addition  of  weights,  spmt- 

*  It  must  be  remembered,  also,  that  centrifugal  influence  and  gravita- 
tion are  antagonistic. 
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levels  to  enable  the  operator  to  give  it  a  horizontal  position, 
and  be  enclosed  in  a  glass  case  to  protect  it  from  dust.  It 
should  be  placed  in  a  room  the  atmosphere  of  which  is  not 
liable  to  be  contaminated  by  acid  fumes,  in  a  situation  as  free 
as  possible  from  vibration  ;  and  a  vessel  containing  lumps  of 
quicklime  should  be  placed  in  the  case  to  keep  the  enclosed 
air  dry  and  prevent  the  formation  of  rust  on  any  steel 
knife-edges  or  tjther  parts.  During  weighing,  the  doors 
of  the  balance  should  be  shut,  in  order  that  currents  of 
air  may  not  unequally  influence  the  pans. 

The  Weights—  These  should  be  preserved  in  a  box  having 
a  separate  compartment  for  each.  They  must  not  be  lifted 
directly  with  the  fingers,  but  by  a  small  pair  of  forceps.  If 
grain-weights,  they  should  range  from  1,000  gr.  to  _gr.,  a  ^ 
weight  being  fashioned  of  gold  wire  to  act  as  a  "  rider  "  on 
the  divided  beam,  and  thus  indicate  by  its  position  lOOths  and 
lOOOths  of  a  grain.  From  T\  to  10  grs.  the  weights  may  be 
of  platinum  or  aluminium ;  thence  upwards  to  1,000  grains 
of  brass.  The  relation  of  the  weights  to  each  other  should 
be  decimal.  Metric  decimal  weights  may  range  from  100 
grammes  to  1  gramme,  of  brass,  and  thence  downwards  to  1 
centigramme,  of  platinum  or  aluminium,  a  gold  centigramme 
rider  being  employed  to  indicate  milligrammes  and  tenths 
of  a  milligramme. 

The  Metric  System  of  weights  (the  word  metric  is  from 
the  Greek  fihpov,  metron,  measure)  is  greatly  to  be  preferred 
to  the  British,  the  relation  of  the  metric  weights  of  all  de- 
nominations to  measures  of  length,  capacity,  and  surface  being 
so  simple  as  to  be  within  the  perfect  comprehension  of  a 
child  ;  while  under  the  British  plan  the  weights  have  no 
such  relation,  either  with  each  other  or  with  the  various 
measures.  Moreover,  the  metric  system  is  in  perfect  harmony 
with  the  universal  method  of  counting;  it  is  a  decimal 
system. 

[It  is  perhaps  impossible  to  realize,  much  more  express,  the 
advantages  we  enjoy  from  the  fact  that  in  every  country  of 
the  world  the  system  of  numeration  is  identical.  That  system 
is  the  decimal.  Whatever  language  a  man  speaks,  his  method 
of  numbering  is  decimal ;  his  talk  concerning  numbers  is  deci- 
mal ;  his  written  or  printed  signs  signifying  number  are  deci- 
mal. With  the  figures  1,  2,  3,  4, 5,  6,  7,  8,  9,  0,  he  represents 
all  possible  variations  in  number,  the  position  of  a  figure  in 
reference  to  its  companions  alone  determining  its  value,  a 
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figure  on  the  left  hand  of  any  other  figure  in  an  allocation  of 
numeral  symbols  (for  example,  1893)  having  ten  times  the 
value  of  that  figure,  while  the  figure  on  the  right  hand  of  any 
other  has  a  tenth  of  the  value  of  that  other.    When  the 
youngest  pupil  is  asked  how  many  units  there  are  in  1893,  he 
smiles  at  the  simplicity  of  the  question,  and  says,  1893.  How 
many  tens?  189  and  3  over.    How  many  hundreds?  18  and 
93  over.    How  many  thousands  ?  1  and  893  over.    But  if  he 
is  asked  how  many  scruples  there  are  in  1893  grains,  how 
many  drachms,  how  many  ounces— he  brings  out  his  slate  and 
pencil.   And  so  with  the  pints  or  gallons  in  1893  fluid  ounces, 
or  the  feet  and  yards  in  1893  inches,  or  the  pence,  shillings, 
and  pounds  in  1893  farthings  ;  to  say  nothing  of  cross-ques- 
tions, such  as  the  value  of  1893  articles  at  9s.  6d.  per  dozen, 
or  of  the  perplexity  caused  by  the  varying  values  of_  several 
individual  weights  or  of  measures  of  length,  capacity,  and 
surface  in  different  parts  of  the  country.    What  is  desired 
is,  that  there  should  be  an  equally  simple  decimal  relation 
amono-  weights  and  measures  and  coins  as  already  universally 
exists*  among  numbers.    This  condition  of  things  haying 
already  been  introduced  into  most  other  countries,  there  is  no 
o-ood  reason  why  it  should  not,  in  due  time,  be  accomplished 
hi  our  own.    The  difficulty  in  the  way  consists  m  requiring, 
more  or  less  suddenly,  every  one  of  the  many  millions  of 
persons  in  the  country  to  relinquish  the  lifelong  use  of  words 
expressive  of  the  hourly  wants  of  life,  such  words  as  pounds, 
pints,  pence,  etc.,  for  words  such  as  kilos,  litres,  cents  etc., 
which  will  not  express  those  wants  until  after  weeks  or 
months  or  perhaps  years.    The  difficulty  is  one  that  explana- 
tion cannot  meet,  for  it  is  one  of  association  which  time  alone 
can  resolve,  at  all  events  for  the  great  mass  of  people,  btill, 
"  what  man  has  done  man  can  do."] 

The  system  of  weights  and  measures  legalized  by  the 
Metric  Weights  and  Measures  Act,  1864  '  is  founded  on  the 
metre  Fie.  66  represents  a  pocket  folding  measure  the 
tenth  part  of  a  metre  in  length,  divided  into  10  centimetres, 
and  each  centimetre  into  10  millimetres. 

Fig.  GO. 
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The  units  of  the  system,  with  their  multiples  and  sub- 
multiples,  are  as  follows  : — 

Length—  The  Unit  of  Length  is  the  Metre,  derived  from 
the  measurement  of  the  Quadrant  of  a  Meridian  of  the  Earth. 
(Practically,  it  is  the  length  of  certain  carefully  preserved 
bars  of  metal,  from  which  copies  have  been  taken.) 

Surface—  The  Unit  of  Surface  is  the  Are,  which  is  the 
square  of  Ten  Metres. 

Capacity— -The  Unit  of  Capacity  is  the  Litre,  which  is 
the  Cube  of  a  Tenth  part  of  a  Metre. 

Weight.— The  Unit  of  Weight  is  the  Gramme,  which  is  the 
Weight  of  that  quantity  of  Distilled  Water,  at  its  maximum 
density,  which  fills  a  Cube  of  the  One-hundredth  part  of  the 
Metre. 

Table. 

Note—  Multiples  are  denoted  by  the  Greek  words  "Delta,"  Ten, 
"  Hecto,"  Hundred,  "  Kilo,"  Thousand. 
Subdivisions  by  the  Latin  words,  "  Deei,"  One-Tenth,  "  Centi," 
One-hundredth,  "  Milli,"  One-thousandth. 


Quantities. 

Length. 

Surface. 

Capacity. 

Weight. 

1000 

Kilo-metre 

Kilo-litre 

Kilo-gramme 

100 

Hecto-metre 

Hectare 

Hecto-litre 

Hecto-gramme 

10 

Deca-metre 

Deca-litre 

Deca-gramme 

1  (Units) 

METRE 

ARE 

LITRE 

GRAMME 

•1 

Deei -metre 

Deei-litre 

Deci-gramme 

•01 

Centi-metre 

Centiare 

Centi-litre 

Centi-gramme 

•001 

MUli-metre 

Milli-litre 

Milli-gramme 

When  the  Metric  method  is  exclusively  adopted  in  Great 
Britain,  these  Units  and  Table,  comprising  the  entire  System 
of  Weights  and  Measures,  represent  all  that  will  be  essential 
to  be  learnt  in  lieu  of  the  numerous  and  complicated  Tables 
hitherto  in  use.  Adopting  the  style  of  elementary  books  on 
arithmetic,  the  Table  may  be  expanded  thus  : — 

10  milligrammes  make  1  centigramme ;  10  centigrammes 
make  1  decigramme ;  10  decigrammes  make  one  gramme  ;  10 
grammes  make  1  decagramme,  or  dekagramme ;  10  deca- 
grammes make  1  hectogramme ;  10  hectogrammes  make  1 
kilogramme ;  10  millilitres  make  1  centilitre,  etc. ;  10  milli- 
metres make  1  centimetre,  etc. 

Abbreviations. — Metre  =  m,  decimetre  =  dm,  centimetre  =  cm, 
millimetre  —  mm,  kilometre  —  km.  Square  metre  =  m2,  cubic 
metre  =  to3,  and  so  on.  Litre  =  1,  decilitre  =  dl,  etc.  Kilo- 
gramme =  kg,  dekagramme  —  dkg,  gramme  —  g,  decigramme  = 
dg,  centigramme  =  cg,  and  milligramme  =  mg, 
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The  following  approximate  British  equivalents  of  metrical 
units  should  be  committed  to  memory : — 

1  Metre     =  3  feet  3  inches  and  3  eighths. 
1  Are        =a  square  whose  side  is  11  yards. 
1  Litre      =  If  pint. 
1  Gramme  =15 J  grains. 

The  Kilometre  is  equal  to  1,100  yards. 
The  Hectare  =  2 J  acres  nearly. 
The  Metric  Ton  of  1,000  Kilogrammes  =  19  cwt.  2  qrs.  20  lbs.  10  oz. 
The  Kilogramme  =  2  lbs.  3J  oz.  nearly. 

For  exact  equivalents,  in  many  forms,  see  pp.  722  and  723. 
A  litre  of  water  at  39°  F.  weighs  15,432  grains ;  at  50°  F., 
15  429  grains  ;  at  60°  F.  it  weighs  15,418  grains  ;  at  70°  F  , 
15,403  grains  ;  and  at  80°  F.,  15,383  grains  (Pile).  (The  word 
gramme  is  sometimes,  unfortunately,  written  gram,  which  too 
closely  resembles  the  word  grain.) 

Decimal  Coinage.— -In  most  countries  where  the  metric 
system  of  weights  and  measures  is  employed,  a  decimal 
division  of  coins  is  also  adopted.  This  course,  conjoined 
with  the  ordinary  decimal  method  of  enumerating,  which  for- 
tunately is  in  universal  use,  renders  calculations  of  all  kinds 
most  simple.-easy  to  an  extent  which  cannot  be  conceived 
in  countries  like  England,  where  the  operations  of  weighing, 
measuring,  paying,  and  counting  have  only  the  most  absurdly 
intricate  relations  to  each  other. 

The  General  Council  under  whose  authority  the  British 
Pharmacopoeia  is  issued  encourages  medical  practitioners  and 
pharmacists  in  the  adoption  of  the  metric  system,  and  gives 
the  annexed  statement  of  metric  weights  and  measures. 

The  following  Tables,  from  the  British  Pharmacopoeia, 
and  from  the  Diary  of  Messrs.  De  La  Rue,  will  be  found 
useful  for  reference  :— 

WEIGHTS  AND  MEASURES  OF  THE  METRICAL 

SYSTEM. 

WEIGHTS. 

1  Milligramme    =  the  thousandth  part  of  one  grm.  or  0-001  gnn. 
1  Centigramme    =  the  hundredth  „ 

1  Decigramme     =  the  tenth                     >>       .  ,.ft 

1  Gramme          =  weight  of  a  cubic  centimetre  of  10  „ 
water  at  4  C. 

1  Decagramme    =ten  grammes  " 

1  Hectogramme  -  one  hundred  grammes  100  0  ,, 

1  Kilogramme     =  one  thousand  grammes  1000  0  (1  talo.j 
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MEASURES  OF  CAPACITY. 

1  Millilitre  =      1  cub.  centini.  or  the  mea.  of   1  gramme  of  water. 

1  Centilitre  =    10             „                „  10  „ 

1  Decilitre  =100             „                „  100 

1  Litre       =1000             „                „  1000  „  (1  kilo). 

MEASURES  OF  LENGTH. 

1  Millimetre  =the  thousandth  part  of  one  metre  or  0'001  metre. 
1  Centimetre  =  the  hundredth  ,,  „  0-01  ,, 

1  Decimetre  =  the  tenth  „  ,,  0-1  „ 

1  Metre        =the  ten-millionth  part  of  a  quarter  of  the  meridian  of  the 
earth. 

WEIGHTS  AND  MEASURES  OF  THE  BRITISH 
PHARMACOPCEIA  OP  1885. 


1  Grain 
1  Ounce 
1  Pound 


gr- 
oz. 
lb. 


WEIGHTS. 


=      16  ounces 


=  437-5  grains. 
=  7000-0  „ 


MEASURES  OF  CAPACITY. 


1  Minim 

1  Fluid  Drachm 

1  Fluid  Ounce 

1  Pint 

1  Gallon 


mm. 
11.  drm. 
fl.  oz. 
O. 
C. 


60  minims. 

8  fluid  drachms. 
20  fluid  ounces. 

8  Pints. 


MEASURES  OF  LENGTH. 

1  inch 
12    „  =lfoot. 
36    ,,    =3  feet=  1  yard. 
(1  cubic  inch  of  distilled  water  at  62'  F.  and  30  inch  Barom.  =  252-458 
grains.) 

RELATION  OF  MEASURES  TO  WEIGHTS. 


1  Minim  is  the  measure  of 

1  Fluid  Drachm  „ 

1  Fluid  Ounce        ,,     1  ounce  or 

1  Pint  ,,     1-25  pound,  or 

1  Gallon  ,,    10  pounds,  or 


0-9114583  grain  of  water. 
54-6875  grains  of  water. 
437-5 
8750-0  „ 
70,000-0 


(Gtt.  =(]uUa,  drops.  The  term  "drop  "  indicates  a  quantity  which  is 
indefinite,  and  should  only  be  used  when  approximativeness  is  alone 
desired.) 
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QUESTIONS  AND  EXERCISES. 

Mention  some  advantages  of  decimal  weights  and  measures.— What  is 
the  name  of  the  chief  unit  of  the  metric  decimal  system  of  weights  and 
measures  ? — Mention  the  names  of  the  metric  units  of  surface,  capacity, 
and  weight,  and  state  how  they  are  derived  from  the  unit  of  length.— 
How  are  multiples  of  metric  units  indicated  ? — State  the  designations  of 
submultiples  of  metric  units.— How  many  metres  are  there  in  a  kilo- 
metre ?— How  many  millimetres  in  a  metre  ?— How  many  grammes  in  5 
kilogrammes  ?— How  many  milligrammes  in  13£  grammes  ?— In  1893 
centigrammes  how  many  grammes?— In  a  metre  measure  5  centimetres 
wide  and  1  centimetre  thick,  how  many  cubic  centimetres  ?— How  many 
litres  are  contained  in  a  cubic  metre  of  any  liquid  ?— State  the  British 
equivalent  of  the  metre.— How  many  square  yards  in  an  are  ?— How  many 
fluid  ounces  in  a  litre  ?—  How  many  ounces  in  a  kilogramme  ?— Give  the 
relation  of  a  metric  ton  (1,000  kilos.)  to  a  British  ton.— How  many  grains 
are  there  in  1  British  ton  ?— How  many  ounces  in  1  ton  ?— How  many 
grains  of  water  in  1  fluid  drachm? -How  many  minims  in  1  pint?— How 
many  grains  in  one  pint  of  water  ?— Whence  is  the  British  unit  of  length 
derived  ?  

Specific  Weight,  or  Specific  Gravity. 

The  specific  weight  of  a  substance  is  its  weight  in  com- 
parison with  the  weights  of  similar  bulks  of  other  substances. 
This  comparative  heaviness  of  solids  and  liquids  is  conven- 
tionally expressed  in  relation  to  water  :  they  are  considered 
as  being  lighter  or  heavier  than  water.    Thus,  water  being 
regarded  as  unity  =  1,  the  relative  weight,  or  specific  weight, 
of  ether  is  represented  by  the  figures  '720  (it  is  nearly  three- 
fourths,  -750,  the  weight  of  water),  oil  of  vitriol  by  l-84d 
(it  is  nearly  twice,  2-000,  as  heavy  as  water).    The  specific 
weight  of  substances  is,  moreover,  the  weight  of  similar 
volumes  at  sixty  degrees  (60°  F.) ;  for  the  weight  of  a  definite 
volume  of  any  substance  will  vary  according  to  temperature, 
becoming  heavier  when  cooled  and  lighter  when  heated 
different  bodies  (gases  excepted)  differing  in  their  rate  ot 
contraction  and  expansion.    While,  then,  specific  weight  or 
conventionally,  specific  gravity  is,  truly  the >  ™mparat ™ 
weight  of  equal  bulks,  the  numbers  which,  in  Great  Biitain, 
commonly  represent  specific  gravities  are  the  comparative 
weights  of  equal  bulks  at  60°  P.,  water  being  taken  as 
unity*    The  standard  of  comparison  for  gases  was  formerly 
air,  but  is  now  usually  hydrogen. 

*  The  true  weight  of  a  body  is  its  weight  in  air  plus  the  ^JJ  °*  «g 
equal  talk  of  air  and  minus  the  weight  of  a  bulk  o  air  equal  to  he  butt 
of  the  brass  or  other  weights  employed ;  or,  in  other  words,  its  wc.gm 
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Specific  Gravity  of  Liquids. 

Procure  any  small  bottle  holding  from  100  to  1,000  grains 
(fig.  67),  and  having  a  narrow  neck ;  counterpoise  it  in  a 
delicate  balance ;  fill  it  to  about  half-way  up  the  neck  with 
pure  distilled  water  having  a  temperature  of  60°  F. ;  ascertain 
the  weight  of  the  water,  and,  for  convenience,  add  or  subtract 
a  drop  or  two,  so  that  the  weight  shall  be  a  round  number  of 
grains ;  mark  the  neck  by  a  diamond  or  file-point  at  the  part 
cut  by  the  lower  edge  of  the  curved  surface  of  the  water. 


Fig.  67.  Fig.  68.  Fig.  69.  Fig.  70. 


SPECIFIC-GBAVITY  BOTTLES. 


Consecutively  fill  up  the  bottle  to  the  neck-mark  with  several 
other  liquids,  cooled  or  warmed  to  60°  F.,  first  rinsing  out 
the  bottle  once  or  twice  with  a  small  quantity  of  each  liquid, 
and  note  the  weights  ;  the  respective  figures  will  represent 
the  relative  weights  of  equal  bulks  of  the  liquids.  If  the 
capacity  of  the  bottle  is  10,  100,  or  1,000  grains,  the  resulting 
weights  will,  without  calculation,  show  the  specific  gravities 
of  the  liquids ;  if  any  other  number,  a  proportional  sum  must 
be  worked  out  to  ascertain  the  weight  of  the  liquids  as 
compared  with  1  (or  1*000)  of  water.  Bottles  conveniently 
adjusted  to  contain  250,  500,  or  1,000  grains,  or  100  or  50 
grammes  of  water,  when  filled  to  the  top  of  their  perforated 
stopper  (fig.  69),  and  other  forms  of  the  instrument  (figs.  68 

in  vacuo,  uninfluenced  by  the  buoyancy  of  the  air  ;  but  such  a  correction 
of  the  weight  of  a  body  is  seldom  necessary,  or,  indeed,  desirable. 
Density  is  sometimes  improperly  regarded  as  synonymous  with  specific 
gravity.  It  is  true  that  the  density  of  a  body  is  in  exact  proportion  to 
its  specific  gravity ;  but  the  former  is  more  correctly  the  comparative 
bulk  of  equal  weights,  while  specific  gravity  is  the  comparative  weight 
of  equal  bulks. 
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and  70),  are  sold  by  all  chemical-apparatus  makers.  Figure 
70  is  that  of  a  bottle  extremely  useful  in  ascertaining  the 
specific  gravities  of  very  volatile  liquids. 

Verify  some  of  the  following  stated  specific  gravities  of 
official  liquids : — 

Acid,  acetic   1-044 

„    diluted   1-006 

„       ,,     glacial   1-058 

„    carbolic   1-060  to  1-066 

„    hydrochloric   1-160 

diluted  ........  1-052 

,,    hydrocyanic   0-997 

„    nitric   1-420 

„     diluted   1-101 

,,    nitro-hydrochloric   1-070 

,,    phosphoric,  diluted   1-080 

,,    sulphuric   1-843 

,,         „       aromatic   0-911 

diluted   1-094 

,,    sulphurous,  solution  of   1-025 

Alcohol,  absolute  (real)   0-7935 

(official)   0-797  to  0-800 

„       (rectified  spirit,  84  per  cent.) ....  0-838 

„       (proof  spirit,  49  per  cent.)   0-920 

„       arnylic   0-818 

Ammonia,  aromatic  spirit  of   0-896 

solution  of   0-959 

,,         strong  solution  of   0-891 

Antimony,  solution  of  chloride  of   1-470 

Arsenic,  hydrochloric  solution  of   1-010 

Arsenical  solution  (Liquor  Arsenicalis)    ...  T010 

Benzol   0-850 

Bismuth  and  ammonia,  solution  of  citrate  of    .  1-070 

Bromine   2-970  to  3-140 

Chlorine,  solution  of   1-003 

Chloroform   1-490 

spirit  of   0-871 

Creasote   1>071 

El,h%„e :::::::::::::  S 

„    spirit  of  nitrous   0-840  to  0-84o 

Glycerine   l'*50 

Iron,  solution  of  acetate  of   1-031 

„      ofdialysed   1-047 

)(        ,,      of  perchloride  of   1-110 

n        ,,     of  pernitrate  of   1-107 

,,      of  persulphate  of  

,,    strong  solution  of  acetate  of   1-127 

„      of  perchloride  of     .    .    •  1-420 
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Lead,  solution  of  subacetate  of   1-275 

Lime,  saccharated  solution  of   1-052 

„     solution  of  chlorinated   1-055 

Mercury  (at  0°  C.  =32°  F.)   13-596 

(at  15-55°  C.  =  60°  F.)   13-560 

„        acid  solution  of  nitrate  of  .    .  (about)  2-000 

Oil  of  eucalyptus  (about)  0-900 

„    mustard    1-015 

„    sandalwood  (about)  0-960 

Potash,  solution  of   1-058 

Soda,        „   1-047 

chlorinated   1-054 

Squill,  oxymel  of   1-320 

Syrup   1-330 

,,     of  buckthorn   1-320 

„     of  chloral   1-320 

,,     of  hemidesmus   1-335 

,,     of  iodide  of  iron  ....    1-385 

,,     of  lemons   1-340 

,,     of  mulberries   1-330 

,,     of  orange-flower   1-330 

„     of     „      peel  (about)  1-282 

,,     of  phosphate  of  iron    ....  (about)  1-305 

,,     of  poppies   1-330 

,,     of  red  poppy   1-330 

„     of   ,,   roses   1-335 

„     of  rhubarb  (about)  1-310 

,,     of  senna   1-310 

,,     of  squill  (about)  1-345 

„     oftolu   1-330 

Treacle   .    •  (about)  1-400 


Hydrometers,  formerly  termed  areometers. — The  specific 
gravity  of  liquids  may  be  ascertained,  without  scales  and 
weights,  by  means  of  an  hydrometer — an  instrument  usually 
of  glass,  having  a  graduated  stem  and  a  bulb  or  bulbs  at  the 
lower  part.  The  specific  gravity  of  a  liquid  is  indicated  by 
the  depth  to  which  the  hydrometer  sinks  in  the  liquid,  the 
zero  of  the  scale  marking  the  depth  to  which  it  sinks  in  pure 
water.  Hydrometers  constructed  for  special  purposes  are 
known  under  the  names  of  saccharometer,  lactometer,  elseo- 
meter,  urinometer,  alcoholometer.  Hydrometers  require  a 
considerable  quantity  of  liquid  fairly  to  float  them  ;  and 
specific  gravities  observed  with  them  are  less  delicate  and 
trustworthy  than  those  obtained  by  the  balance,  neverthe- 
less they  are  exceedingly  useful  for  many  practical  purposes 
where  the  employment  of  a  delicate  balance  would  be  in- 
admissible. 


728 


QUANTITATIVE  ANALYSIS. 


Specific  Gravity  of  Solids  in  Mass. 

Weigh  a  piece  (50  to  250  grains)  of  any  solid  substance 
heavier  than  water  in  the  usual  manner.  Then  weigh  it  in 
water,  by  suspending  it  from  a  shortened  balance-pan  by  a 
fine  thread  or  hair  and  immersing  in  a  vessel  of  water  (fig. 
71).  The  buoyant  properties  of  the  water  will  cause  the 
solid  apparently  to  lose  weight ;  this  loss  in  iveight  is  the 


WEIGHING  A  SOLID  IN  WATBB. 


exact  weight  of  an  equal  bulk  of  water.  The  weight  of  the 
substance  and  the  weight  of  an  equal  bulk  of  water  being 
thus  ascertained,  a  proportional  sum  shows  the  relative 
weight  of  the  substance  to  1-000  of  water.  To  express  the 
same  thing  by  rule,  divide  the  weight  in  air  by  the  loss  of 
weight  in  water,  the  resulting  number  is  the  specific  gravity 
in  relation  to  1  part  of  water,  the  conventional  standard  oi 

comparison.  t  t 

Verify  some  of  the  following  specific  gravities  :— 


Aluminium  .... 
Antimony  .... 

Bismuth  

Coins,  English,  gold  . 
,,  ,>       silver . 

bronze 

Copper  

Gold 


2-5G 
0-71 
9-83 

17-0!) 

10-80 
8-70 
8-95 

iy-3-t 
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Iron  .  . 
Lead  .  . 
Magnesium 
Marble .  . 
Phosphorus 
Platinum  . 
Silver  .  . 
Sulphur  . 
Tin  .  .  . 
Zinc    .  . 

Specific  gravities  of  solid  substances  should  be  taken  in 
water  having  a  temperature  of  about  60°  F.  The  body  should 
be  immersed  about  half  an  inch  below  the  surface  of  the 
water ;  adhering  air-bubbles  must  be  carefully  removed  ;  the 
body  must  be  quite  insoluble  in  water. 

(For  a  table  of  the  specific  gravities  of  a  large  number  of 
fatty  and  resinoid  substances,  see  the  Pharmaceutical  Journal 
for  Oct.  11,  1879.) 

Specific  Gravity  of  Solids  in  Powder  or  Small 

Fragments. 

Weigh  the  particles  ;  place  them  in  a  counterpoised  specific- 
gravity  bottle  of  known  capacity,  and  fill  up  with  water, 
taking  care  that  the  substance  is  thoroughly  wetted ;  again 
weigh.  From  the  combined  weights  of  water  and  substance 
subtract  the  amount  due  to  the  substance :  the  residue  is  the 
weight  of  the  water.  Subtract  this  weight  of  water  from 
the  quantity  which  the  bottle  normally  contains  :  the  residue 
is  the  amount  of  water  displaced  by  the  substauce.  Having 
thus  obtained  the  weights  of  equal  bulks  of  water  and  sub- 
stance, a  proportional  sum  shows  the  relation  of  the  weight 
of  the  substance  to  1  part  of  water,  i.e.  the  specific  gravity. 

Or,  suspend  a  cup,  short  glass  tube,  or  bucket  from  a 
shortened  balance-pan  ;  immerse  in  water ;  counterpoise ; 
place  the  weighed  powder  in  the  cup,  and  proceed  as  directed 
for  taking  the  specific  gravity  of  a  solid  in  mass. 

This  operation  may  be  conducted  on  fragments  of  any  of 
the  substances  the  specific  gravities  of  which  are  given  in 
the  foregoing  Table,  or  on  the  powdered  piece  of  marble  the 
specific  gravity  of  which  has  been  taken  in  mass.  Thespeci- 


7-84 
11-36 

1-  74 

2-  70 
1  77 

21-53 
10-53 
2-05 
7-29 
7-14 
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fic  gravity  of  one  piece  of  glass,  first  in  mass  then  in  powder, 
may  be  ascertained  ;  the  result  should  be  identical.  The 
specific  gravity  of  shot  is  about  11-350  ;  sand,  2*600  ;  mercury, 
1356. 

Specific  Gravity  of  Solids  Soluble  in  Water. 

Weigh  apiece  of  sugar  or  other  substance  soluble  in  water : 
then  suspend  it  from  a  balance  in  the  usual  manner,  and 
weigh  it  in  turpentine,  benzol,  or  petroleum,  the  specific 
gravity  of  which  is  known  or  has  been  previously  determined  ; 
the  loss  in  weight  is  the  weight  of  an  equal  bulk  of  the  tur- 
pentine. Ascertain  the  weight  of  an  equal  bulk  of  water  by 
calculation : — 

Sp.  gr.  of     .     sp.  gr.  of    . .     observed        .     equal  bulk  of 
turpentine     "        water     "*"    bulk  of  turp.    '  water. 

The  exact  weights  of  equal  bulks  of  sugar  and  water  being 
obtained,  the  weight  of  a  bulk  of  sugar  corresponding  to 
1*000  of  water  is  shown  by  a  proportional  sum;  in  other 
words,  divide  the  weight  of  sugar  by  that  of  the  equal  bulk 
of  water,  the  quotient  is  the  specific  gravity  of  sugar.  The 
stated  specific  gravity  of  sugar  ranges  from  1*590  to  1*607. 

Specific  Gravity  of  Solids  Lighter  than  Water. 

This  is  obtained  in  a  manner  similar  to  that  for  solids 
heavier  than  water;  but  the  light  body' is  sunk  by  help  of  a 
piece  of  heavy  metal,  the  bulk  of  water  which  the  latter  dis- 
places being  deducted  from  the  bulk  displaced  by  both ;  the 
remainder  is  the  weight  of  a  bulk  of  water  equal  to  the  bulk 
of  the  light  body.  For  instance,  a  piece  of  wood  weighing 
12  grammes  (or  grains— for  it  is  assumed  that  the  student 
works  equally  well  with  metric  as  with  imperial  weights- 
is  tied  to  a  piece  of  metal  weighing  22  grammes,  the  loss  of 
weight  of  the  metal  in  water  previously  having  been  found 
to  be  3  grammes.  The  two,  weighing  34  grammes,  are  now 
immersed,  and  the  loss  in  weight  found  to  be  26  grammes. 
But  of  this  loss  3  grammes  have  been  proved  to  be  due  to 
the  buoyant  action  of  the  water  on  the  metal ;  the  remaining 
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23,  therefore,  represent  the  same  effect  on  the  wood ;  23  and 
12,  therefore,  represent  the  weights  of  equal  bulks  of  water 
and  wood.  As  23  are  to  12,  so  is  1  to  -5217.  Or,  shortly, 
as  before,  divide  the  weight  in  air  by  the  weight  of  an  equal 
bulk  of  water;  -5217  is  the  specific  gravity  of  the  wood. 
Another  specimen  of  wood  may  be  found  to  be  three-fourths 
(•750)  the  weight  of  water,  and  others  heavier.  Cork  varies 
from  -100  to  -300. 

The  specific  gravity  of  a  very  minute  quantity  of  a  heavy 
or  light  substance  may  be  ascertained  by  noting  the  specific 
gravity  of  a  fluid  in  which  it,  being  insoluble,  neither  sinks 
nor  swims  ;  or  by  immersing  it  in  a  weighed  piece  of  paraffin 
whose  specific  gravity  is  known,  noting  the  specific  gravity 
of  the  whole,  and  deducting  the  influence  of  the  paraffin. 

Specific  Gravity  of  Gases. 

This  operation  is  similar  to  that  for  liquids.  A  globe 
exhausted  of  air  and  holding  from  1  to  4  litres  (or  quarts)  is 
suspended  from  the  arm  of  a  balance,  and  counterpoised  by 
a  similar  flask.  Gases  are  introduced  in  succession  and  their 
weights  noted.  A  proportional '  sum  shows  their  specific 
gravity  in  relation  to  air  or  hydrogen,  whichever  be  taken 
as  a  standard. 

Correction  of  the  .  Volume  of  Gases  for  Pressure. — The 
height  of  the  barometer  at  the  time  of  manipulation  is  noted. 
Remembering  that  "  the  bulk  of  a  gas  is  inversely  as  the 
pressure  to  which  it  is  subjected  "  (Boyle  and  Mariotte),  a 
simple  calculation  shows  the  volume  which  the  gas  would 
occupy  at  760  millimetres  (or  29 -992  inches),  the  standard 
pressure  (30  inches  is  sometimes  adopted  as  the  standard  in 
England).*  Thus  40  volumes  of  a  gas  at  740  millims.  pres- 
sure are  reduced  to  39  when  the  pressure  becomes  760  milli- 

*  In  France  the  conventional  standard  height  of  the  barometer  is  7C0 
millimetres  at  0°  C.  (32°  F.) ;  in  England  it  is  30  inches,  the  temperature 
being  00°  F.  7G0  millims.  is  equivalent  to  28-922  inches;  but  the  ex- 
pansion of  the  metal  between  32°  F.  and  G0°  F.  increases  the  length  of 
the  column  to  30-005  inches.  The  standards  are  therefore  almost  iden- 
tical, difference  in  true  length  being  counterbalanced  by  the  temperature 
at  which  the  length  is  observed. 
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metres  (or  90  vols,  at  29  ins.  barom.  become  87  vols,  at  30 
inches). 

Correction  oftheVolume  of  Gases  for  Temperature.— This  is 
done  in  order  to  ascertain  what  volume  the  gas  would  occupy 
at  0°  C.  (32  F.)  or  15-5  0.  (60°  F.),  according  to  the  standard 
taken.  Gases  are  equally  affected  by  equal  variations  in 
temperature  (Charles).   They  expand  about  0-3665  *  per  cent. 

of  their  volume  at  the  freezing-point  of  water  for  every 
C.  degree  (0-2036,  or  ^T  for  every  F.  degree)  (Regnault). 
Thus  8  volumes  of  gas  at  0°  C.  will  become  8-293  at  10°  C. ; 
for  if  100  become  103-665  on  being  increased  in  temperature 
10°  C.,  8  will  become  8-293  (or  if  100  become  102  036  on 
being  increased  10°  F.,  8  will  become  8-1629). 

Vapour-density—  Vapours  are  those  gases  which  condense 
to  liquids  at  common  temperatures.    By  the  density  of  a 
vapour  is  meant  its  specific  gravity.    The  density  of  a  vapour 
is  the  ratio  of  any  given  volume  to  a  similar  volume  of  air 
or  hydrogen  at  the  same  temperature  and  pressure.  But, 
for  convenience  of  comparison,  this  experimental  specific 
o-ravity  is  referred,  by  calculation  as  just  described  for  per- 
manent gases,  to  a  temperature  of  0°  C,  and  760  millimetres 
barom.    A  teaspoonful  or  so  of  liquid  is  placed  in  a  weighed 
flask  of  about  the  capacity  of  a  common  tumbler  and  having 
a  capillary  neck:  the  flask  is  heated  in  an  oil-bath  to  a 
temperature    considerably  above   the   boiling-point  of  the 
liquid  ;  at  the  moment  vapour  ceases  to  escape,  the  neck  is 
sealed  by  a  blowpipe  flame,  and  the  temperature  of  the  bath 
noted  ;  the  flask  is  then  removed,  cooled,  cleaned,  and  weighed ; 
the  height  of  the  barometer  is  also  taken.     The  neck  of  the 
flask  is  next  broken  off  beneath  the  surface  of  water  (or  of 
mercury),  which  rushes  in  and  fills  it,  and  again  weighed  by 
which  its  capacity  in  cub.  centims.  is  found.    From  these 
data  the  volume  of  vapour  yielded  by  a  given  weight  oi 
liquid  is  ascertained  by  a  few  obvious  calculations.  lie 
capacity  of  the  globe  having  been  ascertained  the  weight 
of  an  equal  bulk  of  airf  is  obtained  by  a  rule-of-three  sum 
This  weight  of  air  is  deducted  from  the  original  weight  ot 

*  Corrected  for  the  difference  between  the  ^^^^ 
meters,  the  coefficient  of  expansion  of  air  is  0-003u50  gc  ).    1  e 
coefficient  of  expansion  of  different  gases  varies  very  BUghtly,  being 

gramme. 
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the  flask,  which  gives  the  true  weight  of  the  glass.  The 
weight  of  the  glass  is  next  subtracted  from  the  weight  of 
the  flask  and  contained  vapour  (now  condensed),  which  gives 
the  weight  of  material  used  in  the  experiment.  The  volume 
which  this  weight  of  material  occupied  at  the  time  of  ex- 
periment is  next  corrected  for  temperature  (to  0°  C.)  and 
pressure  (760  millimetres)  in  the  manner  just  described.  The 
weight  of  a  similar  volume  of  hydrogen  is  next  found  *  The 
weights  of  equal  volumes  of  hydrogen  and  vapour  being  thus 
determined,  the  amount  of  vapour  corresponding^  to  1  of 
hydrogen  (the  specific  gravity  or  vapour-density)  is  shown 
by  a  short  calculation.  This  process  of  finding  the  weight 
of  a  given  volume  of  vapour  is  by  Dumas.  Gay-Lussac's 
consists  in  determining  the  volume  of  a  given  weight:  it 
has  been  improved  by  Hofmann.  An  easy  and  excellent 
method  by  V.  and  C.  Meyer  consists,  like  that  of  Gay-Lussac, 
in  determining  the  volume  of  the  vapour  of  a  given  weight 
of  a  fluid  or  solid,  but  differs  in  the  volume  of  the  vapour 
being  ascertained  from  an  equal  volume  of  air  which  the 
vapour  is  made  to  displace.  (For  a  detailed  description  of 
this  method,  and  a  drawing  of  the  apparatus,  see  Pharma- 
ceutical Journal,  May  17,  1879.) 

Experiment  shows  that  the  specific  gravities  of  many 
gases  and  vapours  on  the  hydrogen  scale  and  the  propor- 
tions in  which  they  combine  by  weight  are  identical.  Thus 
chlorine  is  35-5  times  as  heavy  as  hydrogen,  and  35'5  parts 
unite  with  1  of  hydrogen  to  form  hydrochloric  acid  gas. 
Hence  if  the  specific  gravity  of  a  gas  or  vapour  is  known,  its 
combining-proportion  may  be  predicated  with  reasonable 
certainty,  and  vice  versd.  In  applying  this  rule  to  gaseous 
or  vaporous  compounds,  attention  must  be  paid  to  the  extent 
to  which  their  constituent  gases  contract  at  the  moment  of 
combination  or  expand  at  the  moment  of  decomposition. 

*  I  litre  (1000  cub.  centims.)  of  hydrogen  at  0°  C.  and  760  millimetres 
(the  barometer  being  at  0°  C.)  weighs  0-089(5  gramme— a  quantity  some- 
times termed  a  crith  (from  Kpidr},  krithe,  a  barley-corn— figuratively,  a 
small  weight) ;  thus  a  litre  of  oxygen  weighs  16  criths,  chlorine,  35-5 
criths,  etc.  100  cubic  inches  of  hydrogen  at  32°  F.  weigh  2-265  grains  ; 
at  60°  F.  2-143  grains  (the  barometer  being  30  ins.  at  60°  F.  in  both 
cases).  100  cubic  inches  of  air  at  32°  F.  weigh  32-698  grains ;  at  60°  F., 
30-935  (barom.  30  ins.  at  60°  F.).  1  cubic  inch  of  water  weighs 
252-458  grains  (Chaney,  252-279)  at  62°  F.,  and  30  in.  bar.  1  gallon  of 
water  contains  277J  (277-274  at  62°  F.)  cubic  ins.  1  cubic  foot  contains 
about  6J  gallons. 
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Thus  steam  is  found  to  be  composed  of  two  volumes  of 
hydrogen  and  one  of  oxygen,  the  three  volumes  of  con- 
stituents condensing  to  two  at  the  moment  of  combination. 
Hence  steam  may  be  expected  to  be  nine  times  as  heavy  as 
hydrogen,  which  experiment  confirms. 

These  relations  may  be  so  expressed  as  to  include  both  ele- 
mentary and  compound  gases  and  vapours,  thus  :  molecular 
weights  and  specific  weights  are  identical.  Molecular  weights 
represent  two  volumes  of  a  gas :  specific  gravity  convention- 
ally represents  the  relative  weight  of  a  gas  compared  with 
one  volume  of  hydrogen  or  air  ;  hence  the  specific  gravity  of 
a  gas  or  vapour  on  the  H  scale  is  found  by  calculation  on 
simply  dividing  the  molecular  weight  by  2  ;  on  the  air  scale 
by  dividing  the  hydrogen  numbers  by  14-44.  For  example  :— 

Specific  gravity. 

Molecular  Molecular  ^  ^T_i~~  &4r  l 

Name.                 formula.       weight.  H=2.  H-l.  Air-i. 

TT             2            2            1  -069 

Cl          71  71  35-5  2-460 


Hydrogen 
Chlorine 
Oxygen 
Nitrogen 
Steam  . 
Ammonia  gas 
Carbonic  acid  gas 
Alcohol  (vapour) 
Air  


0?  32  32  16  M08 

N  28  28  14  -970 

NH3  17  17  8-o  "589 

rn  44  44  22  l*o24 

PHO  46  46  23  1-593 

(W>  4b  4bgg  iooQ 


In  other  words,  it  follows,  as  an  arithmetical  necessity  that 
if  the  specific  gravities  of  gases  or  vapours  have  been 
rightly  determined  and  the  molecular  weights  of  those 
gases  and  vapours  have  been  quite  accurately  ascertained 
the  product  of  the  division  of  the  figures  showing  the 
molecular   weights  by   the  figures   showing  the ,  specific 
gravities  will  be  quotients  that  will  always  be  the ^  same 
number.  If  the  specific  gravity  be  in  elation  to  two  volumes 
of  hydrogen  the  quotient  will  in  all  cases  be  the  figuie  1  oi 
obviously,  the  figures  for  specific  gravity  and  molecular 
weight  will  be  identical.    If  the  specific  gravity  figure  be 
£  relation  to  one  volume  of  hydrogen,  the ,  quotient  wil 1  be 
the  figure  2  ;  if  in  relation  to  air,  the .quotient .will  be  28  88 
(air  being  14-44  times  heavier  than  hydrogen).    By  multi 
plying  28-88  by  the  specific  gravity  on  the  air-scale  the 
experimental  figure  obtained  for  molecular  weight  can  be 
checked.    So  by  dividing  the  molecular  weight  by  28 *8 the 
specific  gravity  on  the  air-scale  can  be  checked.    Once  moie, 
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divide  the  molecular  weight  by  the  specific  gravity  on  the 
air-scale  and  the  quotient  will  not  be  far  from  28-88  if  the 
two  figures  have  been  ascertained  with  all  attainable  ex- 
perimental exactitude. 

The  foregoing  columns  of  specific  gravities  closely  corre- 
spond  with  those  obtained  by  actual  experiment.  The  specific 
Gravity  of  any  gas  or  vapour  may  therefore  be  calculated 
if  the  following  data  are  at  hand :— (a)  formula,  (&)  atomic 
weight  of  constituent  elements  ;  these  give  the  molecular 
weight,  and  the  molecular  weight  divided  by  2  is  the  specific 
gravity  on  the  hydrogen  scale.  Specific  gravity  on  the  air- 
scale  is  then  deducible,  if  (c)  the  specific  gravity  of  air 
(14-44)  in  relation  to  hydrogen  be  remembered.  The  absolute 
weight  of  any  volume  of  a  gas  or  vapour  on  the  metric 
system  is  then  obtainable  if  (d)  the  weight  of  a  litre  of 
hydrogen  (0-0896  gramme)  be  known,  or  on  the  English  plan 
by  remembering  (e)  that  100  cubic  inches  of  hydrogen  at 
60°  F.  weigh  2-143  grains  (100  cubic  inches  of  air  at  60°  F. 
weigh  30-935  grains). 

In  confirmation  of  these  statements  regarding  the  mutual 
*  relation  of  specific  gravity  and  atomic  weight,  a  remarkable 
fact  may  be  mentioned.  Regnault  several  years  ago  found 
the  weight  of  1  litre  of  hydrogen  and  oxygen  to  be  respec- 
tively -089578  and  1-429802  gramme.  The  latter  number 
divided  by  the  former  gives  15-96  as  the  specific  gravity  of 
oxygen.  Stas,  in  recent  experimental  researches  on  combin- 
ing-proportion,  finds  the  atomic  weight  of  oxygen  to  be,  not 
16,  but  15-96. 

Exceptions  to  the  law  occur  in  a  few  compounds  and  in 
arsenium  and  phosphorus,  whose  vapour  densities  are  twice 
that  indicated  by  the  rule.  Possibly  in  these  cases  the  tem- 
perature employed  is  insufficient  to  dissociate  an  unusually 
complex  molecule  into  molecules  of  usual  complexity.  As 
regards  compounds,  and,  possibly,  as  regards  those  elements 
in  which  the  observed  density  is  only  half  that  indicated  by 
this  rule,  heat  may,  and  in  some  cases  probably  does,  produce 
molecular  dissociation  (thermolysis)  into  free  atoms  (uniatomic 
molecules)  or  into  less  complex  molecules.    See  page  221. 

Relation  of  the  Specific  Heat  of  Elements  to  their  Atomic 
Weights. — Reference  may  here  appropriately  be  made  to  a 
physical  fact  of  great  importance  as  regards  molecular  and 
atomic  weights.  In  the  earlier  pages  of  this  Manual  it  was 
stated  that  elements  do  not  combine  chemically  in  haphazard 


736  QUANTITATIVE  ANALYSIS. 

proportions,  but  in  fixed  weights ;  and  abundant  evidence  of 
the  truth  of  the  statement  has  already  been  afforded,  and 
will  also  be  found  in  this  section  on  quantitative  analysis. 
Secondly,  it  has  been  shown  that  elements  do  not  .combine 
in  haphazard  proportions  by  volume,  but  in  certain  constant 
bulks ;  and  the  weights  of  these  bulks  have  been  found  to  be 
identical  with  the  combining  weights  themselves.  .Thirdly 
(this  is  the  point  to  which  attention  is  now  drawn),  if  equal 
amounts  of  heat  be  given  to  the  elements  in  the  solid  state 
(that  is,  to  solid  elements  or  to  solid  compounds  of  volatile 
elements),  and  the  quantity  of  the  element  be  increased  or 
diminished  until  each  is  thus  heated  through  an  equal 
number  of  degrees,  it  will  be  found  that  the  different  weights 
of  elements  required  are  (in  relation  to  a  common  standard) 
identical  with  the  combining  weights  of  the  elements,  and 
with  the  weights  of  the  combining  volumes  of  the  elements. 
Thus,  where  108  parts  of  silver  would  be  employed,  10  <  ot 
lead  would  be  necessary  *    Hence,  in  the  determination  of 
(a)  combining-proportion,  (&)  specific  gravity  m  gaseous 
state,  and  (c)  specific  heat,  three  distinct  methods  of  ascer- 
taining atomic  weight  are  available.    In  cases  where  one 
method  is  inapplicable  recourse  is  had  to  either  or,  rJ  practic- 
able, both  of  the  others,  and  thus  the  trustworthiness  of 
observations  and  generalizations  placed  more  or  l^s  ^d 
question.    The  specific  heat  of  a  solid  element  is  the  same  in 
?he  free  as  in  the"  combined  condition  ;  therefore  the  pecific 
heat  of  a  molecule  is  the  sum  of  the  specific  heats  of  its  con 
stftuent  atoms.    From  the  specific  heat  of  a  solid ^compound 
of  a  volatile  element  (chlorine,  for  example)  can  ttras  be 
calculated  the  specific  heat  of  an  elemen t  in  th e  so hd  state, 
even  though  the  free  element  cannot  itself  be  so  ^hed. 
For  the  processes  by  which  experimentally  to  deteimine 
specific  heat,  the  reader  is  referred  to  books  on  physics. 

heats  and  ««£  TtlCtTtee  pSuct  of  the 

discovered  by  Dulong  and  Petit.  It  "MS  f^  an  element 
multiplication  of  the  figures  representing  ^Vfjjfg  °ase  of  nearly 

conducted  at  a  sufficiently  high  temperature. 
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There  is  equivalency  also  between  electrical  and  chemical 
action.  The  amount  of  electricity  which  passed  through  an 
iodide,  would,  by  the  resulting  electrolysis  (electric  loosing, 
from  Auto,  luo,  to  decompose)  set  free  127  parts  of  iodine  would 
set  free  80  parts  of  bromine. 

Again,  Raoult  reflecting  that  the  degree  to  which  the 
solidifying  point  of  a  fluid  is  affected  by  a  dissolved  substance 
is  dependent  on  the  molecular  weight  of  that  substance,  has 
shown  that  determinations  of  such  degrees  point  to  molecular 
weights.  (Further  researches  in  this  direction  will  probably 
throw  much  light  on  the  nature  of  the  phenomena  of  solution.) 
Optical  activity  and  molecular  weight  would  also  seem  to  be 
inter-dependent. 


QUESTIONS  AND  EXERCISES. 

Define  specific  weight,  or,  as  it  is  commonly  termed,  specific  gravity. — 
In  speaking  of  light  and  heavy  bodies  specifically,  what  standard  of  com- 
parison is  conventionally  employed  ? — How  are  specific  gravities  expressed 
in  figures  ? — Why  should  specific  gravities  be  taken  at  one  constant  tem- 
perature ? — How  does  the  buoyancy  of  air  affect  the  real  weight  of  any 
material  ? — Describe  the  difference  between  density  and  specific  gravity. 
— Give  a  direct  method  for  taking  the  specific  gravity  of  liquids. — A 
certain  bottle  holds  150  parts,  by  weight,  of  water,  or  135-7  of  spirit  of 
wine ;  show  that  the  specific  gravity  of  the  latter  is  0-9046. — An  im- 
perial fluid  ounce  of  a  liquid  weighs  366J  grains  ;  prove  that  its  specific 
gravity  is  0-838. — Equal  volumes  of  benzol  and  glycerine  weigh  34  and 
49  parts  respectively,  and  the  specific  gravity  of  the  benzol  is  0-850  ; 
show  that  the  specific  gravity  of  the  glycerine  is  1-225.—  Explain  the 
process  employed  in  taking  the  specific  gravity  of  solid  substances  in  mass 
and  in  powder.— State  the  method  by  which  the  specific  gravity  of  alight 
body,  such  as  cork,  is  obtained. — What  modifications  of  the  usual  method 
are  necessary  in  ascertaining  the  specific  gravity  of  substances  soluble  in 
water  ? — How  is  the  specific  gravity  of  gases  determined  ?—  By  what  law 
can  the  volume  of  a  gas,  at  any  required  pressure,  be  deduced  from  its 
observed  volume  at  another  pressure  ?— To  what  extent  will  78  volumes 
of  fa  gas  at  29-3  inches  barom.  alter  in  bulk  when  the  pressure  is  30-2 
inches  ? — Write  a  short  account  of  the  means  by  which  the  volumes  of  gases 
are  corrected  for  temperature. — At  the  temperature  of  15°  C.  40  volumes 
(litres,  pints,  ounces,  cubic  feet,  or  other  quantity)  of  a  gas  are  measured. 
To  what  extent  will  this  amount  of  gas  contract  on  being  cooled  to  the  freez- 
ing-point of  water  (0°  C.)  ?  Answer  :  As  1  vol.  of  any  gas  at  zero  expands 
or  contracts  -003665  of  a  vol.  for  each  rise  or  fall  of  1°  C,  1  vol.  at0°  C.  if 
heated  to  15°  C.  will  become  increased  by  -054975  (that  is,  -003665  multi- 
plied by  15),  1  vol.  will  expand  to  1-054975.  Conversely  1-054975  vol.  will 
contract  to  1  vol.  if  cooled  from  15°  C.  to  0°  C.  And  if  1-054975  becomes  1 
in  cooling  through  15°  C,  40  vols,  will  (as  found  by  rule  of  three)  contract 
to  37-916.— 10  litres  of  oxygen  are  measured  off  at  14°  F.  Required  the 
volume  of  the  gas  at  15°  C.  Answer  :  The  first  operation  must  be  to  re- 
A.C.  3  b 
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duce  the  temperature  quoted  in  Fahrenheit's  degrees  to  an  equivalent 
value  on  the  Centigrade  scale.  14°  F.,  is  18°  below  32°  P.,  the  freezing-point 
of  water  ;  and  a  range  of  9°  on  the  Fahrenheit  scale  is  equal  to  a  range  of 
5°  on  the  Centigrade  scale,  so  that  the  temperature  at  which  the  oxygen  is 
measured  off  is  -10°  C.  The  rise  of  temperature  up  to  0°  expands  the 
gas  in  such  proportion  that  its  volume  at  0°  is  to  its  volume  at  -10  as  l 
is  to  1  -0-03665,  i.e.  as  1  to  0-96335.  The  further  rise  of  temperatoe 
from  0°  C.  to  15°  expands  the  gas  m  the  proportion  of  1  to  1  + 15  x  0  00» 
i  e  1  to  1-054975.  The  total  rise  of  temperature  therefore  expands  tne 
gas  in  the  proportion  of  0-96335  to  1-054975. 

0-96335  :  1-054975  ::  10  :  x; 
10x1-054975 
•••*  =  -T0^96335~~=1°'95- 

-230  cubic  centimetres  of  oxygen  are  measured  off  al ;  1J°  c-  *° „d 
millimetres  mercurial  pressure.    Eequired  the  volume  of  the  gas  at  tne 
SSSip^atnre  and  pressure  (0°  &        ™  TheTo 
Let  the  reduction  for  change  of  temperature  be  made  fust.    The  pio 

portion-  •  1  +  (14x0.003665)  .  !  ..  230  :  x 

giv6S  230 

-l5l31  =  218-W- 
To  reduce  this  volume  at  740  millimetres  pressure  to  the  volume  corre- 
sponding to  the  pressure  of  760  millimetres,  we  have  the  proportion- 
760  :  740  ::  218-77  :  x; 


A  litre  of  oxygen  is  confined  in  a  glass  flask  at  10°  C  by  the  atmo- 

the  rise  of  temperature  from  10  ;C.  to  300  C.  would  expanoi  h 

same  proportion,  whence 

1-03665  :  2-0995  ::  820  :  x  ; 


^820x2-(M)95  =  1(M.0.(.- 


-  1-03665 

From  this  total  pressure  the  atmospheric  pressure  of  760  jWnM^u 
to  be  deducted,  leaving  900-6  millimetres  «  to  hegtc no  I 
mercurial  column.    A  litre  of  oxyge nis: Ngnd  of  to  d M 
0°  C.    What  weight  of  potassic  chlora  e  must  be  used  oi      i    i  ^ 
and  what  total  pressure  must  be  applied  to  it?    Ansun  i 
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required  to  compress  oxygen  from  the  density  of  16  to  that  of  100  is 
found  by  the  proportion — 

16  :  100  ::  760  :  x 

76000 
.-.  x=  -jg-  =4750. 

At  the  pressure  of  4750  millimetres  of  mercury  the  weight  of  a  litre  of 
'oxygen  (16  grammes  measure  11-2  litres  at  0°  C.  and  760  millims.  pressure) 
is  found  by  the  proportion —  * 

16 

760  :  4750  ::  ^  : 

whence 


16x4750 

11-2x760      9  grammes. 

The.  weight  of  chlorate  required  for  the  evolution  of  8-93  grammes  of 
oxygen  is  found  from  the  proportion — 

48  :  122-5  ::  8-93  :  x\ 

.-.  35=22-8  grammes. 

— What  is  the  volume  of  12  grammes  of  hydrogen  at  15°  C.  ?  Answer : 
One  gramme  of  hydrogen  measures  11-2  litres  at  0°  C,  therefore  12 
grammes  measure  12x11-2  =  134-4  litres  at  0°.  To  find  their  volume 
at  15°  C.  we  have  the  proportion — 

1  :  1  +  15x0-003665  ::  134-4  :  x; 

whence 

x  =  134-4  x  1-054975  =  141-788  litres. 
(The  foregoing  five  problems  are  from  Williamson's  "  Chemistry.") 
— What  interest  for  chemists  have  the  specific  heats  of  substances  ? 
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VOLUMETEIC  QUANTITATIVE  ANALYSIS. 

Preliminary  Note.-Gveat  care  should  be  observed  in 
selecting  a  fair  sample  of  any  bulk  of  material  that  is  to 
be  examined  either  by  volumetric  or  gravimetric  quantitative 
analysis.  If  the  whole  quantity  is  in  separate  parcels,  and 
there  is  any  ground  for  believing  that  the  parcels  differ  m 
quality,  they  should,  if  practicable,  be  carefully  mixed  or, 
technically,  "  bulked."  Small  portions  should  be  taken  from 
different  parts  of  the  resulting  heap  and  well  mixed  in ^a 
mortar  or  other  vessel,  or,  in  certain  cases,  dissolved,  and  the 
solution  well  stirred  or  shaken.  A  specimen  of  the  powder, 
or  a  portion  of  the  solution,  may  then  be  selected  for  analy- 


sis. 


Introduction.-^  operations  of  volumetric  analysis  con- 
Jt  (a)  Z  carrying  out  some  definite  chemical  reaction  al- 
readywell  kSwn  to  the  operator,  with  (6)  fefinzte  quanU^s 
Trances  or  salts ;  (c)  the  exact  termination  of  the  reaction 
between  the ^two  salts  or  substances  being  ascertarned-usu- 
afw  bv  some  chemical  indicator  (litmus,  starch,  etc.)  A 
Stion  of  the  substance  or  salt,  etc.,  to  be  tested  is  carefully 
CiTed     To  this  is  gradually  added  the  second  substance 
2u  retained  in  the  testing  fluid,  commonly  termed  the 
WaSl^Sc  Solution.*  The  'usefulness,  and  indeed 
fhe  oreparat ion  of  this  Standard  Solution  is  founded  (as 
bUy  SLted  on  page  707)on  some >  grav  - 

Hietri/operation.  A  weig  hca ^amount  ^J™^™d 
solved  in  *Z™n  volu^^  ^  ^ 

Tera  onf  can  L  conducted  with  great  economy  of  time,  as 
compared  with  the  corresponding  gravimetric  °V?™^™', 

7ormal  solutions  contain  one  molecular  weight  of  sub- 
stance, in  grammes,  per  litre. 
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APPARATUS. 

The  only  special  vessels  necessary  in  volumetric  quantita- 
tive operations  are:— 1.  A  litre  flask  (fig.  73),  which,  when 
filled  to  a  mark  on  the  neck,  contains  at  15°  C,  or  about 
60°  F.,  one  litre  (1,000  cubic  centimetres,  i.e.  1,000  grammes 
of  water*) ;  it  serves  for  preparing  solutions  in  quantities  of 
one  litre.  2.  A  tall  cylindrical  graduated  litre  jar  (fig.  72) 
divided  into  100  equal  parts  ;  it  serves  for  the  measurement 
and  admixture  of  decimal  or  centesimal  parts  of  one  litre. 

Fig.  72.  Fig.  73.  Fig.  74. 


A  LITRE  JAB.  A  LITHE  FLASK.  A  BUItETTE,  ETC. 

3.  A  graduated  tube  or  burette  (fig.  74),  the  marked  portion 
of  which,  when  filled  to  "0,"  holds  100  cubic  centimetres, 
and  is  divided  into  100  equal  parts,  with  subdivisions  ;  it 
is  used  for  accurately  measuring  small  volumes  of  liquids. 

The  best  form  of  burette  is  Mohr's.  It  consists  of  a  glass 
tube,  commonly  about  the  width  of  a  little  finger  and  the 
length  of  an  arm  from  the  elbow,  contracted  at  the  lower 
extremity  and  graduated.  The  width  and  length  of  burettes, 
however,  as  well  as  the  extent  and  fineness  of  their  gradua- 
tion, vary  considerably.   To  the  contracted  portion  is  fitted  a 

*  A  cubic  centimetre  is,  strictly  speaking,  the  volume  occupied  by  one 
gramme  of  distilled  water  at  its  point  of  greatest  density,  namely,  4°  C. 
Metric  measurements,  however,  are  uniformly  taken  at  15-55°  C.  ((30°  F.). 
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small  piece  of  vulcanized  caoutchouc  tubing,  into  the  other 
end  of  which  a  small  spout  made  of  narrow  glass  tube  is 
tightly  inserted.    A  strong  wire  clamp  effectually  prevents 
any  liquid  from  passing  out  of  the  burette  unless  the  knobs 
of  the  clamp  are  pressed  by  the  finger  and  thumb  of  the 
operator,  when  a  stream  or  drops  flow  at  will.    In  place  of 
the  india-rubber  tubing  and  clamp,  a  stopcock  is  sometimes 
employed;  and  other  modes  of  arresting  the  flow  of  liquid 
may  be  adopted.    The  accurate  reading  of  the  height  of  a 
solution  in  the  burette  is  a  matter  of  great  importance  ;  it 
should  be  taken  from  the  bottom  of  the  curved  surface  of 
the  liquid.    It  may  be  still  more  exactly  measured  by  the 
employment  of  a  hollow  glass  float  or  bulb  (Erdmann  s  float, 
see  fig  74),  of  such  a  width  that  it  can  move  freely  m  the 
tube  without  undue  friction,  and  so  adjusted  m  weight  that 
it  shall  sink  to  more  than  half  its  length  m  any  ordinary 
liquid     A  fine  line  is  scratched  round  the  centre  of  tiie 
float :  this  line  must  always  be  regarded  as  marking  the 
height  of  the  fluid  in  the  burette.    In  charging  the  burette 
a  solution  is  poured  in,  not  until  its  surface  is  coincident 
with  0,  but  until  the  mark  on  the  float  is  coincident  with  0. 
Avoid  accumulation  of  air  behind  the  mdia-rubber. 


ESTIMATION  OP  ALKALIES,  ETC. 

Volumetric  Solution  of  Oxalic  Acid. 
(Crystallized  Oxalic  Acid,  H2C20,,2H20  =  126.) 
The  oxalic  radical,  being  bivalent,  and  most  «f  the  metals 
contained  in  the  salts  which  are  estimated  by |  oxahc  acid 
being  univalent,  it  is  convenient  that  each  htie  of  tnis 
Son  should  contain  half  a  molecular  weight  ^grammes  of 
??  ;!q  fff  C  O  2H  0-126-^-2  =  63)— be  "semidecinormal  . 
th^^i^o^l^  be jat  hand,  the  solution  is 
made  by  dissolving  63  grammes  in  water  and  making  the 
volume  up  with  more  water  to  exactly  one  litre. 

Pure  oxalic  acid,  however,  not  being  easy  to  obtan i  he 
solution  may  be  made  from  the  commercial  acid  by  disso  y ing 
65  to  70  grimes  in  enough  water  to  make  a ;  h  re  o  f^hvUon, 
and  then  determining  the  strength  of-  this  solution  iy 
titration  with  pure  carbonate  of  sodium,  making  use  of  tin 
following  memoranda : — 


VOLUMETRIC  ESTIMATION  OP  ALKALIES. 


Na.:C03    +    H.2C204,2H20    =    Na2C204    +    C02    +  3H20. 

2)106  2)126 

53  63 

Pure  anhydrous  carbonate  of  sodium  is  easy  to  obtain,  for 
commercial  bicarbonate  is  usually  of  such  purity  that  when  a 
few  grammes  are  heated  to  redness  for  a  quarter  of  an  hour, 
the  resulting  carbonate  is  practically  free  from  impurity. 
The  bicarbonate  should,  however,  be  tested,  and  if  more  than 
traces  of  chlorides  and  sulphates  are  present,  these  may  be 
removed  by  washing  a  few  hundred  grammes,  first  with  a 
saturated  solution  of  bicarbonate  of  sodium,  and  afterwards 
with  pure  distilled  water.  After  drying,  the  salt  is  ready 
for  ignition. 

About  half  a  gramme  of  the  carbonate  of  sodium  is  accu- 
rately weighed  and  placed  in  a  half-pint  flask,  around  the 
neck  of  which  is  tied  calico  or  leather  to  protect  the  fingers 
when  the  heated  vessel  is  shaken  by  the  operator.  _  The  salt 
is  dissolved  in  water  to  about  one-third  the  capacity  of  the 
flask,  and  a  few  drops  of  the  indicator,  blue  tincture  of 
litmus,  is  added.    The  acid  solution  to  be  "  set  "  or  "  stand- 
ardized "  is  then  poured  into  a  burette  and  run  therefrom 
into  the  flask  until  the  reddened  litmus  indicates  the  presence 
of  free  acid.     This  will  be  due  in  the  first  place  to  car- 
bonic acid  liberated  and  remaining  dissolved  in  the  solution. 
The  contents  of  the  flask  are  therefore  boiled  for  several 
minutes,  when  the  blue  colour  will  have  returned.  More  acid 
is  then  run  in  until  the  mixture,  after  boiling,  remains  of  a 
neutral  colour,  indicating  that  just  enough  acid  has  been 
added  to  complete  the  reaction  expressed  in  the  foregoing 
equation. 

Let  it  be  supposed  that  -6  of  a  gramme  of  carbonate  of 
sodium  was  taken,  and  that  this  required  11  c.c.  of  oxalic 
acid  solution,  how  man}'-  c.c.  of  this  solution  would  contain 
63  grammes  of  oxalic  acid  crystals;  or,  what  is  equivalent  in 
the  reaction,  how  many  c.c.  would  be  required  to  neutralize 
53  grammes  of  carbonate  of  sodium?  As  -6  of  a  gramme 
of  the  carbonate  is  to  11  c.c.  sol.,  so  are  53  grammes  of  the 
carbonate  to  x  c.c.  sol.,  therefore  cc  =  972  c.c.  972  c.c. 
(nearly)  are  equivalent  to  53  grammes  of  carbonate  of  sodium, 
and  contain  63  grammes  of  oxalic  acid. 

This  oxalic  solution  may  be  used  as  it  is  or  may  be  diluted 
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with  water,  every  972  c.c.  to  be  diluted  to  1,000  c.c,  so  that 
1,000  c.c.  shall  contain  63  grammes  of  oxalic  acid. 

The  following  official  substances  are  tested  by  this  solution 
according  to  the  British  Pharmacopoeia  : — 

Solutions  of  Ammonia. — Two  or  three  grammes  of  dilute,  or 
about  1  gramme  of  strong  solution  of  ammonia,  is  a  conve- 
nient quantity  to  operate  upon.  The  weighing  is  most  con- 
veniently accomplished  by  taking  a  small  stoppered  bottle 
containing  half  an  ounce  or  so  of  the  substance,  and  having 
ascertained  its  total  weight,  transfer  about  the  quantity 
desired  to  the  flask  in  which  the  estimation  is  to  be  con- 
ducted, and  again  weigh  the  bottle  with  what  remains  in  it. 
The  difference  is  the  exact  quantity  taken.  The  weighing  of 
the  ammonia  solution  having  been  accomplished,  water  is 
added,  to  about  one-third  the  capacity  of  the  flask  (or,  better, 
the  ammonia  is  added  to  water  already  in  the  flask),  and  a 
few  drops  of  tincture  of  litmus  are  introduced.  The  titration 
is  then  conducted  as  described  before,  except  that  no  heat  is 
employed. 

+     H2C204,2H„0     =     (NH4)2C204     +  4HaO. 
2)126 

63  =  grammes  in  1,000  c.c.  of  standard  solution. 
2NH3H20     +     H302O4,2H2O     =     (NB4)2C204     +  4H,0. 

2)34  2)126 

17  63  =  grammes  in  1,000  C.C.  of  standard  solution. 

1,000  c.c.  of  standard  solution,  or  its  equivalent  of  a  solu- 
tion of  any  other  strength,  would,  according  to  this  reaction, 
neutralize  17  grammes  of  ammonia  gas  (NH3)  or  35  grammes 
of  hydrate  of  ammonium  (NH4HO).  If  3  grammes  of  ammo- 
nia solution  had  been  taken,  and  it  had  required  15  c.c.  of 
standard  oxalic  acid  solution,  then  the  amount  of  ammonia 
gas  or  hydrate  of  ammonium  it  contained  would  be  seen  by 
the  following  calculations  : — 

1000  c.c.  :  17NH3       :  :  15  c.c.  :  x  =  -255  grammes  NH, 
1000  c  c.  :  35  NH4HO  :  :  15  c.c.  :  x  =  -526  grammes  Mi4HO 

Three  grammes,  then,  would  contain  -255  grammes  of  the 
gas,  or  -525  grammes  of  hydrate  of  ammonium.  Or  m  per- 
centage : — 

3  gr.  sol.  :  -255  gr.  NIL,  :  :  100  gr.  sol.  :  x  gr.  NH3  =«_5J  HQ 
S  gr,  sol.  :  -525  gr.  NIIJIO  :  :  100  gr.  sol.  :  .r  gr.  NH4HO  =  17  o*IsH4HU 
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The  solution  would  therefore  contain  8-5  per  cent,  of  ammo- 
nia gas  (NH3)  or  17-5  per  cent,  of  hydrate  of  ammonium 
(NH4HO).  If  the  oxalic  acid  solution  was  not  of  full  stan- 
dard, the  number  of  c.c.  which  contained  63  grammes  of 
oxalic  acid,  which  was,  in  fact,  equivalent  to  1,000  c.c.  of 
standard  solution,  would  be  substituted  for  1,000  c.c.  in  the 
preceding  proportions. 

A  comparison  should  now  be  made  with  the  requirements 
of  the  Pharmacopoeia.  It  is  useful  to  express  results  as  per- 
centage of  substance  of  pharmacopceial  strength  in  the  ma- 
terial examined.  Thus  the  British  Pharmacopoeia  requires 
dilute  ammonia  solution  to  contain  10  per  cent,  of  the  gas 
(NH3).  The  solution  supposed  to  have  been  operated  on 
contained  8-5  per  cent.  NH3  (10 :  8-5  :  :  100  :  a;  =  85).  There- 
fore it  contains  85  per  cent,  of  the  dilute  ammonia  of  the 
British  Pharmacopoeia.* 

Strong  Solution  of  Ammonia,  B.P.,  contains  32  per  cent,  of 
ammonia  gas  (NH3). 

Note. — The  calculations  just  described  for  ammonia  are 
similar  to  those  employed  throughout  volumetric  analysis ; 
they  will  not  be  repeated,  therefore,  in  the  case  of  every 
substance. 

Carbonate  of  Ammonium. — The  reactions  indicated  by  the 

*  Extremely  minute  quantities  of  ammonia  —  1  part  in  many  millions 
of  water — may  be  estimated  volumetrically  by  adding  excess  of  a  colour- 
less, strongly  alkaline,  solution  of  red  iodide  of  mercury  and  iodide  of 
potassium,  "  Solution  of  Potassio-mercuric  Iodide,"  B.P.,  or  "  Nessler's 
Keagent ;  "  then  in  a  similar  vessel,  containing  an  equal  amount  of  pure 
water  with  excess  of  the  Nessler  reagent,  imitating  the  depth  of  yellow 
or  reddish-yellow  colour  thus  produced  by  adding  an  ammoniacal  solution 
of  known  strength.  The  amount  of  ammonia  thus  added  represents  the 
amount  in  the  original  liquid. 

The  Nessler  Reagent. — A  litre  maybe  made  by  dissolving  30  or  40 
grammes  of  iodide  of  potassium  in  a  small  quantity  of  hot  water,  adding 
a  strong  hot  solution  of  perchloride  of  mercury  until  the  precipitate  of 
mercuric  iodide  ceases  to  redissolve  even  by  the  aid  of  rapid  stirring  and 
heat,  slightly  diluting,  filtering,  adding  a  strong  solution  of  (120  to  140 
grammes  of)  caustic  soda,  or  (160  to  180  grammes  of)  caustic  potash,  and 
diluting  to  one  litre.  A  few  c.c.  (5  or  G  or  more)  of  a  strong  solution  of 
perchloride  of  mercury  are  finally  stirred  in,  the  whole  set  aside  till  all 
precipitated  red  iodide  has  deposited,  and  the  clear  liquid  decanted  for 
use.    The  reaction  of  this  Nessler  test  with  ammonia  is  as  follows  : — 

NH3  +  2HgLj  +  3KHO  =  NHgJ  +  3KI  +  3H20. 

Potassio-mercuric  Iodide,  without  alkali,  is  commonly  known  as 
Mayer's  Reagent,  HgL,2KI.    Decinormal  strength  is  convenient. 
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following  equations  occur  between  commercial  carbonate  of 
ammonium  and  oxalic  acid  : — 

2N3HUC  A  +  3(H2C204,2H20)  =  3(NH4)2C204  +  8H20  +  4C02 

r 

6)378 

63  =  grammes  in  1,000  c.c.  of  standard  solution. 


About  1  gramme  is  a  convenient  quantity  to  operate  upon. 
Tincture  of  litmus  is  the  indicator,  and  the  titration  is  con- 
ducted at  a  temperature  just  short  of  boiling.  The  estimation 
is  not  very  satisfactory,  because  the  heat  employed,  while 
scarcely  sufficient  to  expel  the  carbonic  acid  gas  is  enough  to 
occasion  loss  of  ammoniacal  salt.    Practised  analysts  usually 
add  excess  of  the  standard  acid  and  thus  fix  every  trace  of 
ammonia  ;  then  gently  boil  to  get  rid  of  carbonic  acid  gas ; 
bring  back  the  liquid  to  neutrality  by  an  observed  volume  of 
standard  alkaline  solution,  and  deduct  an  equiyalenl ;  volume 
of  acid  from  the  quantity  first  added.    The  British  Pharma- 
copoeia  requires  5-23  grammes  to  neutralize  100  c  c.  ot 
sEard  solution  of  oxalic  acid.    This  corresponds  to  100  per 
cent,  of  carbonate  having  the  formula  ^Un^s- 

Spiritus  Ammonice  Aromaticus,  B.P  -The  al fert m g/  of 
the  official  sal  volatile  (see  p.  101)  should  be  such  J 
fluid  ounce  [392  grains  weight]  requires  for  neutrahzation 
558  grain-measures  of  the  volumetric  solution  of  oxalic  acid 
and,  H  the  proper  proportion  of  carhonate  of  — uim  s 
present,  "one  fluid  ounce,  after  the  addition  of  330  giam 
measures  of  the  test  solution  of  chloride  of  barium  [1  to  10 
S  wTrl,  should  yield,  after  filtration,  a  further  precipitate 

when  more  of  the  reagent  is  added  _  ninaT,+;fv 

Borax.-Two  or  three  grammes  is  a  convenient  quantity. 

Na2B4Ovlu,H,0  +  HA^HjO  =  Na20204  +  H2B407  +  12H20 

2)382  2)^!j  =  gramme8  in  1,000  c.c.  of  standard  solution. 

of   free  oxalic  acid  makes  its  appearance      The  B  t  sn 

about  three  grammes  of  acetate  of  load,  and  from  five 
o-rammes  of  solution  of  subacetate. 
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Pb2C2H302,3H20  +  H2C,04,2H20  =  PbC204  +  2  HC2H302  +  5H20 

2)379  2)126 
189*5  63  =  grammes  in  1,000  c.c.  of  standard  solution. 

Pb202C2H302  +  2(H2C204)2H20)  =  2PbC204  +  2HC2H302  +  5H20 

^7)548~~  4)_252~ 

jj^Y  63  =  grammes  in  1,000  c.c.  of  standard  solution. 

The  flask  in  which  the  estimation  is  being  conducted 
should  previously  contain  one-third  of  water.  In  the  case 
of  both  acetate  'and  solution  of  subacetate  of  lead,  a  little 
acetic  acid  should  be  added  to  prevent  precipitation  of  basic 
salt  on  dilution.  The  only  indicator  of  complete  reaction  is 
cessation  of  production  of  the  precipitate— oxalate  of  lead. 
Both  the  British  and  United  States  Pharmacopoeias  require 
acetate  of  lead  to  be  pure  (100  per  cent.)  and  solution  of 
subacetate  to  contain  nearly  25  per  cent. 

Lime  Water,  and  Saccharated  Solution  of  Lime—  Measure 
about  half  a  litre  of  lime  water  for  the  estimation,  and  of 
saccharated  solution  weigh  about  25  grammes.  The  follow- 
ing equations,  etc.,  are  quantitative  expressions  of  the 
reactions  : — 

Ca2HO  +  H2C204)2H20  =  CaC204  +  4H20 

2)74  2)126 
"37  63  =  1|000  c.c.  of  standard  solution. 

Or,  CaOH30  +  H2C204,2H20  =  CaC204  +  4H20 

2)5fT  2)126 
28  63 
Litmus  is  used  as  an  indicator.    Ten  fluid  ounces  of  lime- 
water,  B.P.,  contain  6|  grains  of  hydrate  of  calcium  (Ca2HO) 
or  5  grains  of  lime  (CaO). 

Sodium.  Caustic  Potash  and  Soda.  Potassium  and  Sodium 
Carbonates  and  Bicarbonates.  —  Litmus  is  the  indicator 
throughout,  and  heat  is  used  in  all  cases,  for  the  caustic 
alkalies  always  contain  some  carbonate. 

Na2  +  H2C204,2H20  =  H2  +  Na2C204  +  2H20 

2)4fT  2)126 

23  03  =  grammes  in  1,000  c.c.  of  standard  solution. 

2KHO  +  H2C204,2H20  =  K2C20.„  +  4H20 

2)llsT  2)126 

5(J  63«.grommeB  in  l.OOO c.c.  of  standard  solution. 
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2NaH0  +  H2C204,2H20  =  Na2C204 + 4H20 

2)80  2)126 
40  63  =  grammes  in  1,000  c.c.  of  standard  solution. 

K2C03  +  H2C204,2H20  =  K2C204 + C02  +  3H20 

2)138  2)126 

TT9  63  =  grammes  in  1,000  c.c.  of  standard  solution. 

Or ,  K2C03  +  16^H20  +  H2C204,2H20  =  K2C204  +  C02 = xH20 

2)164^8  2)126 

Q2-14  63  =  Srammes  in  1'000  c-c*  of  standard  solution. 

Na2C03 +H2C204,2H20  =  Na2C204  +  C02  +  3H20 

ZjwT  2)126 

53  63  =  grammes  in  1,000  c.c.  of  standard  solution. 

Or,  Na2CO3,10H2O +H2C204,2H20  =  Na2C204+ C02  + 13H20 

2)286  2)126 
•j^g  g3  =  grammes  in  1,000  c.c.  of  standard  solution. 

2KHC03 + H2C204l2H20  =  K2C204  +  2C02  +  4H20 

2)200~  2)126 
100  63  =  grammes  in  1,000  c.c.  of  standard  solution. 

2NaHC03  -f  H2C204,2H20  =  Na2C204+ 2C02  +  4H20 

"2U68~"  ^27l26~ 

-g4  — g-3  _  grammes  in  1,000  c.c.  of  standard  solution. 

Convenient  quantities  to  operate  with  are :  of  sodium,  "4 
or  -5  of  a  gramme,  placed  on  10  or  20  c.c.  of  water  m  a 
basin,  the  latter  being  immediately  covered  with  a  glass 
plate  to  preserve  the  face  and  hands  from  any  caustic  spirt, 
ino-s  and  to  prevent  loss  of  soda;  of  caustic  potash,  1 
gramme;  caustic  soda,  "5  to  1  gramme;  potassium  carbonate, 
or  bicarbonate,  1  to  2  grammes;  sodium  carbonate,  or  bicar- 
bonate, 2  to  3  grammes;  dried  sodium  carbonate  o  to  1 
gramme:  and  of  solutions  a  corresponding  quantity  1  he 
British  Pharmacopoeial  requirements  are  :  sodium  «7J 
cent. ;  caustic  potash  or  soda,  90  to  100  per  cent,  of  KHO  oi 
NaHO;  potassium  carbonate,  97  to  100  per  cent  of  K«C03 
+  16  per  cent.  H20  ;  sodium  carbonate,  96  to  100  pei  c  . 
of  Na  CO3,10H2O;  potassium  and  godium  bicarbonate8,  100 
per  cent,  respectively,  of  KHC03  and  NaHCO,. 

The  strength  of  soda  asl.  used  to  be  reported  in  terms 
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of  "soda" — that  is,  oxide  of  sodium  (Na20  =  62);  the  old 
molecular  weight  of  carbonate  of  sodium,  54  (it  should  have 
been  53),  derived  from  that  of  "'  soda,"  32  (it  should  have 
been  31),  being  employed  in  Great  Britain  in  reporting  the 
strength  of  soda-ash.  The  true  amount  of  soda  equivalent 
to  54  parts  of  carbonate  is  31'41  parts.  A  modern  analyst 
having  found  the  true  amount  of  soda  in  a  sample  of  soda- 
ash  is  even  now  occasionally  asked  to  report  31  as  3T41 
parts,  or  53  of  carbonate  as  54,  and  other  quantities  in  pro- 
portion to  these  figures. 

Tartrates  and  Citrates  of  Potassium  and  Sodium. — When 
tartrates  or  citrates  of  alkali-metals  are  burned  in  the  open 
air,  the  whole  of  the  metal  remains  in  the  form  of  carbonate. 
Each  molecular  weight  of  a  neutral  tartrate  gives  one  mole- 
cular weight  of  carbonate,  and  every  two  molecular  weights 
of  an  acid  tartrate  give  one  molecular  weight  of  carbonate. 
Advantage  is  taken  of  these  reactions  to  estimate  indirectly 
the  quantity  of  citrate  or  tartrate  in  presence  of  substances 
with  which  they  are  generally  associated.  One  or  two 
grammes  of  any  of  these  salts  is  a  convenient  quantity  to 
operate  upon.  The  ignition  may  be  conducted  in  a  platinum 
or  porcelain  crucible.  A  low  red  heat  only  should  be  used, 
and  the  vessel  removed  when  complete  carbonization  has 
been  effected — that  is  to  say,  when  nothing  remains  but  the 
carbonate  and  free  carbon.  The  mixture  is  in  this  case 
treated  with  hot  water,  and  the  carbon  separated  by  filtra- 
tion. If  too  little  heat  has  been  used,  and  carbonization  is 
not  complete,  the  filtrate  will  be  more  or  less  coloured.  If 
this  should  be  the  case,  the  operation  must  be  repeated 
with  a  fresh  quantity  of  material.  The  carbonate  is  titrated 
in  the  usual  way.  The  following  equations,  etc.,  explain  the 
reactions : — 

2(K2C4H406,H20)  +  5  02  =  2K2C03  +  6C02  +  4H20 


4)488  4)276 

122  69  equiv.  to  1,000  c.c.  of  stand,  oxalic  acid  sol. 

(2KHC4H4Ofi  +  5  02  =  K2C03  +  7C02  +  5H20 

2)376  2)138 

188  69  equiv.  to  1,000  c.c.  of  standard  oxalic  acid. 

2K3C8H507  +  9  02  =  3K2C03  +  9C02  +  5H20 

6)612  6)414 

102  69  equiv.  to  1,000  c.c.  ol  stand,  oxalic  acid  sol. 
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2(KNaC4H406,  4H20)  +5  02  =  2KNaCO3  +  6CO2  +  12H2O 

4)564~*~  4)244 

61  equiv.  to  1,000  c.c.  of  stand,  oxalic  acid  6ol. 

It  will  be  readily  understood  that  in  the  first  (for  example) 
of  the  reactions  just  expressed,  122  weights  of  tartrate  of 
potassium  are  equivalent  to  69   weights  of  carbonate  of 
potassium  ;  and  as  in  a  previous  reaction  it  has  been  shown 
that  69  weights  of  carbonate  of  potassium  are  equivalent  to 
63  weights  of  oxalic  acid,  it  follows  that  122  weights  of  tar- 
trate of  potassium  are  equivalent  to  63  weights  of  oxalic  acid. 
Let  these  weights  be  grammes,  and  then  122  grammes  of  tar- 
trate of  potassium  are  equivalent  to  63  grammes  of  oxalic  acid, 
or  to  1,000  c.c.  of  the  standard  solution  of  oxalic  acid.    If  the 
substance  estimated  be  a  crude  sample  of  tartrate  of  potassium, 
and  the  number  of  c.c.  of  oxalic  acid  used  has  been  15  c.c, 
then  as  1,000  c.c.  of  the  acid  solution  are  to  122  grammes 
of  tartrate  of   potassium,  so  are  15  c.c.  of  the  solution  to 
1-830  grammes  of  tartrate  of  potassium.    Now  if  the  weight 
of  the  sample  taken  was  2  grammes,  then  as  two  grammes  of 
the  sample  contain  V830  of  real  tartrate  of  potassium,  100 
will  contain  je  =  91-5  per  cent,  of  real  tartrate.     This  salt  is 
required  to  be  99  per  cent,  pure  by  the  British  Pharmacopoeia. 
Trade  samples  are  practically  pure  as  a  rule.    If  sulphate  ot 
calcium  be  present  in  these  tartrates  or  citrates,  loss  of  car- 
bonate of  potassium  will  ensue,  sulphate  of  potassium  being 
formed.    In  estimating  acid  tartrate  of  potassium,  which  is 
the  salt  most  likely  to  contain  sulphate  of  calcium,  direct 
titration,  without  ignition,  may  be  followed.  —  Seven  or 
eight  per  cent,  of  tartrate  of  calcium  is  commonly  present 
in  genuine  cream  of  tartar.-  -Bochelle  Salt  and  Benzoate 
of  Sodium  should  each  be  pure  within  1  per  cent. 

Notes. 

Alkalimetnj.— The  foregoing  processes  are  often  spoken  of 
as  those  of  alkalimetry  (the  measurement  of  alkalies). 

Neutral  Solution  of  Litmus  may  be  made  by  digesting  the 
commercial  fragments  in  about  fifteen  or  twenty  times  their 
weight  of  water  for  a  few  hours,  decanting,  dividing  into  two 
equal  portions,  adding  acid  to  one  till  it  is  faintly  red,  then 
pouring  in  the  other  and  mixing.  The  solution  may  be  kep 
in  a  stoppered  bottle,  and  occasionally  exposed  to  the  air.  it 
should  never  be  filtered,  but  allowed  gradually  to  deposit. 
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Standard  Sulphuric  Acid  may  be  used  in  the  place  of  oxalic 
acid,  1,000  c.c.  of  the  liquid  containing  half  of  the  molecular 
weight  of  the  pure  acid  in  grammes.  It  is  prepared  by  dilut- 
ing sulphuric  acid  with  fifteen  or  twenty  times  its  bulk  of 
distilled  water,  ascertaining  how  much  of  the  acid  liquid 
is  required  to  exactly  neutralize  of  the  molecular  weight 
of  pure  carbonate  of  sodium,  taken  in  grammes  (p'3),  and 
adding  water  until  the  observed  volume  of  acid  is_  increased 
to  100  c.c,  the  whole  of  the  fluid  being  similarly  diluted 

Weighing. — In  the  case  of  substances  which  are  liable  to 
alter  by  exposure  to  air,  it  is  important  that  a  selected  quan- 
tity should  be  weighed,  rather  than  selected  weights  be 
accurately  balanced  by  material,  the  former  operation  occu- 
pying much  the  shorter  time. 

Salts  other  than  the  official  may  be  quantitatively  analysed 
by  the  volumetric  solutions  of  the  Pharmacopoeia,  slight  mo- 
difications of  manipulation  even  enabling  the  processes  to 
be  adapted  to  fresh  classes  of  salts.  Ample  instructions  for 
extending  operations  in  this  manner  will  be  found  in  Sutton  s 
"  Handbook  of  Volumetric  Analysis." 

QUESTIONS  AND  EXERCISES. 

Describe  the  apparatus  used  in  volumetric  determinations.— One  hun- 
dred cubic  centimetres  of  solution  of  oxalic  acid  contain  6-3  grammes 
of  the  crystallized  salt ;  work  sums  showing  what  weights  of  bicarbonate 
of  potassium  and  anhydrous  carbonate  of  sodium  that  volume  will  satu- 
rate. Ans.,  10  grammes  and  5-3  grammes.— Show  what  weight  of  hydrate 
of  potassium  is  contained  in  solution  of  potash  48-02  grammes  of  which 
are  saturated  by  50  c.c.  of  the  standard  solution  of  oxalic  acid.  Ans., 
5-83  per  cent.— Calculate  the  percentage  of  hydrate  of  calcium  in  lime- 
water  438  grammes  of  which  are  neutralized  by  20  c.c.  of  the  volumetric 
solution  of  oxalic  acid.  Ans.,  0-1689.— Eight  grammes  of  a  sample  of 
Rochelle  salt,  after  ignition,  etc.,  require  54-3  c.c.  of  the  official  oxalic 
acid  solution  for  complete  saturation  ;  work  sums  showing  what  is  the 
centesimal  proportion  of  real  salt  present.    Ans.,  95-7. 


ESTIMATION  OF  ACIDS. 

In  the  previous  experiments  a  known  amount  of  an  acid 
has  been  used  in  determining  unknown  amounts  of  alkalies. 
In  those  about  to  be  described  a  known  amount  of  an  alkali 
is  employed  in  estimating  unknown  amounts  of  acids.  The 
alkaline  salt  selected  may  be  either  a  hydrate  or  a  carbonate, 
but  the  former  is  to  be  preferred  ;  for  the  carbonic  acid  set 
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free  when  a  strong  acid  is  added  to  a  carbonate,  interferes  to 
some  extent  with  the  indications  of  alkalinity,  acidity,  or 
neutrality,  afforded  by  litmus.  The  alkali  most  convenient 
for  use  is  soda,  a  solution  of  which  has  probably  already  been 
made  the  subject  of  experiment  in  operations  with  the 
standard  solution  of  oxalic  acid.  It  should  be  kept  in  a 
stoppered  bottle,  and  exposed  to  air  as  little  as  possible. 


Volumetric  Solution  of  Soda. 
(Hydrate  of  Sodium,  NaHO  =  40.) 

This  aqueous  solution  of  soda  is  most  conveniently  made  of 
such  a  strength  that  each  1,000  c.c.  contains  one  molecular 
weight  in  grammes  of  the  alkali  (NaHO  =  40).  It  will  be 
seen  from  the  following  equation  that  40  grammes  of  soda 
convert  63  grammes  of  oxalic  acid  into  neutral  oxalate  of 
sodium  Therefore  one  litre  of  this  solution,  containing  4U 
grammes  of  soda,  will  form  a  neutral  solution  of  oxalate 
with  one  litre  of  standard  oxalic  acid  solution,  or  with  a 
chemically  equivalent  quantity  of  oxalic  acid  solution  of  any 
other  strength  : — 

H2C204,2H20  +  2NaHO    =    Na2C204  +  4H20 

"~2)126     '  2)80 

~63  =1,000  c.c.  of  stand,  sol.   40  =  1.000  c.c.  of  standard  solution. 

If  pure  soda  were  at  hand,  it  would  only  be  necessary  to 
weigh  40  grammes,  dissolve  this  in  water,  and  dilute  to  one 
litre  But  pure  soda  cannot  readily  be  produced  Therefore 
weigh  about  45  grammes  of  hydrate  of  sodium  of  trade,  and 
add  water  to  one  litre.  When  dissolved,  take,  say  14  c.c, 
dilutl  with  more  water  in  a  flask,  add  a  few  drops  of  tincture 
of  litmus,  and  titrate  with  oxalic  acid  solution  of  J known 
strength.  Suppose  that  the  volume  of  standard  acid  solution 
requked  to  neutralize  the  14  c.c  of  soda  solution  the 
Sencth  of  which  is  to  be  estimated  has  been  15  ex.,  or  an 
qStfamount  of  acid  solution  of  another  then 
how  manv  c.c.  of  soda  solution  are  equivalent  to  1,UUU  c.c.  01 
staXd  "acid  solution  ;  or,  what  comes  ^  the  same  thing,  how 
manv  cc  of  soda  solution  contain  forty  grammes  oi  leai 
S^CMttSf  As  15  cc  stand,  acid  are  to  14  c.c  soda .  sol 
so  are  1,000  c.c.  stand,  acid  to  x  cc.    03  =  933  c.c.  93d  c.c. 
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the  soda  solution  contain,  therefore,  40  grammes  of  soda. 
This  may  either  be  diluted,  every  933  c.c.  to  1,000  c.c.,  so 
that  it  may  be  standard  (1,000  c.c.  =40  grammes  NaHO), 
or  the  solution  may  be  used  without  dilution  (933  c.c.  =  40 
grammes  NaHO).  It  has  already  been  mentioned  that  soda 
nearly  always  contains  carbonate.  To  remove  resulting  car- 
bonic acid,  therefore,  gentle  heat  should  be  employed  towards 
the  close  of  each  titration  in  all  the  estimations  with  this 
solution.  Litmus  is  used  throughout  as  an  indicator  of  com- 
pletion of  the  reaction.  The  following  substances  are 
officially  estimated  with  this  solution.  The  list  admits 
of  considerable  extension  (see  Sutton's  "Volumetric 
Analysis  "). 

Acetic  Acid.— Operate  upon  about  1  gramme  of  glacial 
acid,  about  20  grammes  of  diluted  acid,  or  about  3  grammes 
of  ordinary  acetic  acid. 

HC2H30,    +    NaHO    =    NaC2H302    +  H20 

60  40  =  1,000  c.c.  standard  solution. 

Acetic  Acid,  B.P.,  should  contain  33  per  cent,  of  real 
acid  (HCoH302).  Diluted  Acetic  Acid,  B.P.,  4-27  per  cent. 
Glacial  Acetic  Acid,  B.P.,  99  per  cent. 

Citric  Acid.— Operate  on  about  1  gramme.  The  reaction 
is  expressed  by  the  following  equation,  etc.  :— 

H3CaH507,H2Q  +  3NaHO  =  Na3C6H507  +  4H20 

3)2i0_  3)120^ 

70  40  =  1,000  c.c.  standard  solution. 

Citric  Acid,  B.P.  should  be  pure  (  =  100  per  cent 
H3CGH507,H20). 

Hydrochloric  Acid.— Operate  on  from  1  to  2  grammes  of 
the  concentrated  acid,  or  on  about  4  grammes  of  the  diluted 
acid. 

HC1    +    NaHO    =    NaCl    +  H20 
36-5  40  =  1,000  c.c.  standard  solution. 

Hydrochloric  Acid,  B.P.,  should  contain  32  per  cent,  of 
real  acid  (HC1) ;  and  Diluted  Hydrochloric  Acid,  B.P., 
10-58  per  cent.  Diluted  Hvdrobromic  Acid,  10  per  cent. 
(HBr). 

Lactic  Acid,  B.P.,  contains  about  75  per  cent,  of  real  acid- 
Diluted  Lactic  Acid  about  13  per  cent. 

A.c.  3  c 
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Nitric  Acid. — Operate  on  from  1  to  2  grammes  of  concen- 
trated, or  on  4  to  5  grammes  of  diluted  acid. 

HN03  +  NaHO   =  NaN03  +  HjO 

63  40  =  grammes  in  1,000  e.c.  standard  solution. 

Nitric  Acid,  B.P.,  should  contain  70  per  cent. ;  and  Diluted 
Nitric  Acid,  B.P.,  17-44  per  cent,  of  real  acid  (HN03). 

Nitrohydrochloric  Acid. — Operate  upon  4  to  5  grammes  of 
diluted  acid.  The  reaction  is  a  complex  one.  The  British 
Pharmacopoeia  requires  that  35-2  grammes  of  the  diluted 
acid  should  neutralize  88-3  c.c.  of  standard  soda  solution. 

Sulphuric  Acid. — Operate  upon  from  -5  to  1  gramme  of 
concentrated  acid,  or  from  4  to  5  grammes  of  either  Diluted 
or  Aromatic  Sulphuric  Acid. 

H2S04  +  2NaHO  =  Na2S04  +  2H„0 

2)98  2)80 

49  40  =  grammes  in  1,000  c.c.  standard  solution. 

Sulphuric  Acid,  B.P.,  should  contain  about  98  per  cent. ; 
Diluted,  B.P.,  13-65  per  cent. ;  and  Aromatic,  B.P.,  about 
12^  per  cent,  of  real  acid  (H2S04). 

Tartaric  Acid—  Operate  upon  about  1  gramme  of  the  acid. 
The  following  equation,  etc.,  represents  the  reaction  :— 

H2C4H406    +    2NaHO    =    Na2C4H406   +  H20 


2)80 

40  =  grammes  n  1,000  c.c.  standard  solution. 

Tartaric  Acid,  B.P.,  should  contain  99  per  cent,  of 
H2C4H40G. 

Notes— 1.  Pure  acetates,  citrates  more  especially,  tartrates, 
and  some  other  organic  salts,  have  an  alkaline  action  on  lit- 
mus but  not  to  an  important  extent.  If  the  soda  solution 
be  added  to  acetic,  citric,  or  tartaric  acid,  containing  litmus, 
until  the  liquid  is  fairly  blue,  the  operator  will  obtain  trust- 
worthy results  ;  but  in  delicate  experiments  turmeric, 
"  phenol-phthalein,"  etc.,  should  be  used  instead  of  litmus. 
Phenol-phthalein,  B.P.,  is  "  produced  by  reaction  of  phenol 
and  phthalic  anhydride.  Its  tincture  yields  an  intense  red 
colour  with  potash  or  soda,  hence  may  be  used  as  an  indi- 
cator of  the  termination  of  volumetric  reactions,  especially 
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those  with  organic  acids."  The  "  Tincture  of  Phenol- 
phthalein,"  B.P.,  is  made  by  dissolving  1  grain  of  phenol- 
phthalein  in  500  of  proof  spirit. 

2.  The  operations  for  the  quantitative  analysis  or  measure- 
ment of  acids  are  often  collectively  spoken  of  under  the 
name  of  addimetry. 


QUESTIONS  AND  EXEECISES. 

Calculate  the  percentage  of  real  acid  present  in  diluted  sulphuric  acid 
30  grammes  of  which  are  neutralized  by  84  c.c.  of  the  official  volumetric 
solution  of  soda.  Ans.,  13-72.— Show  how  much  real  nitric  acid  is  con- 
tained in  a  solution  36  grammes  of  which  are  saturated  by  94  c.c.  of  the 
standard  solution  of  soda.    Ajis.,  16-45  per  cent. 


ESTIMATION  OF  ACIDULOUS  RADICALS  PRECIPITATED 
BY  NITRATE  OF  SILVER. 

The  purity  of  many  salts  and  the  strength  of  their  solu- 
tions may  be  determined  by  this  process;  but  only  eight 
official  substances  (including  diluted  hydi'ocyanic  acid,  other 
cyanides,  and  some  bromides  and  iodides)  are  quantitatively 
analysed  by  standard  solution  of  nitrate  of  silver. 

Standard  Solution  of  Nitrate  of  Silver. 

(Nitrate  of  Silver,  AgNO3=170.) 

Dissolve  17  grammes  of  crystals  of  pure  nitrate  of  silver 
in  one  litre  of  water.    1,000  c.c.  of  this  solution  contain 
of  the  molecular  weight  in  grammes  of  nitrate  of  silver.  It 
is  therefore  a  decinormal  solution. 

If  pure  dry  crystals  of  nitrate  of  silver  are  not  at  disposal, 
and  pure  dry  crystals  of  chloride  of  sodium  are  at  hand,  a 
solution  may  be  made  of  approximate  strength  and  then  be 
standardized  by  means  of  that  salt.  The  method  may  be 
thus  indicated  : — 

NaCl    +    AgN03    =    AgCl    +    NaNO.,  ' 

10)58-5  10)170 

5-85  17-0  =  grammes  in  1,000  c.c.  standard  solution. 
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Take  rather  less  than  "1  gramme  of  the  chloride  of  sodium 
(NaCl),  and  dissolve  in  water.  The  salt  (AgOl)  precipitated 
in  the  reaction  is  an  insoluble  salt,  and  the  end  of  its  pre- 
cipitation will  serve  as  a  good  indication  of  the  completion 
of  the  reaction.  A  better  indicator,  however,  is  a  few  drops 
of  neutral  chromate  of  potassium  (which  previously  was  well 
purified  by  recrystallization).  The  nitrate  of  silver  does 
not  act  upon  the  chromate  until  all  the  chloride  is  converted 
into  chloride  of  silver,  after  which  a  deep  red  precipitate  of 
chromate  of  silver  is  produced.  This  indication  is  extremely 
delicate,  and  in  practice  is  noticed  when  the  white  colour 
due  to  chloride  of  silver  changes  to  yellowish  from  formation 
of  the  first  traces  of  chromate  of  silver.  Solutions  should  be 
cool  and  not  very  dilute.  The  titration  being  accomplished, 
suppose  that  '1  gramme  of  the  chloride  of  sodium  has  taken 
17  c.c.  of  the  nitrate  of  silver  solution  of  unknown  strength ; 
how  many  c.c.  of  the  solution  are  equivalent  to  5  85  of  the 
chloride  of  sodium ;  that  is,  how  many  c.c.  of  solution  con- 
tain 17  grammes  of  nitrate  of  silver  ?  As  -1  gramme  of  NaCl 
is  to  17  c.c,  so  are  5-85  NaCl  to  x  c.c.=994  c.c.  994  c.c. 
of  the  solution  of  nitrate  of  silver  are  equivalent,  therefore, 
to  1,000  c.c.  of  official  standard  solution,  and  contain  17 
grammes  of  the  nitrate  of  silver.  They  may  be  diluted  to 
1,000  c.c.  if  desired. 

Hydrocyanic  Acid—  Three  to  four  grammes  of  diluted 
acid  form  a  convenient  quantity  to  operate  upon.  The  HCN 
is  first  converted  into  KCN  or  NaCN,  with  potash  or  soda. 
The  following  equations,  etc.,  explain  the  reactions  :— 

2HCN  +  2NaHO  =  2NaCN  +  2H„0 

10)54  10)98 
~5-4  9T8 
2NaCN  +  AgNO:t  =  AgCN.NaCN  +  NaN03 

10)170 

17-0  =  grammes  in  1,000  c.c.  of  standard  solution. 

It  is  seen  that  5-4  grammes  of  real  hydrocyanic  acid  (HCy) 
are  equivalent  to  9-8  grammes  of  cyanide  of  sodium,  and 
represent  17  grammes  of  nitrate  of  silver,  or  1,000  c.c.  ol 
standard  solution  of  nitrate  of  silver. 

The  cyanide  of  sodium  having  been  obtained,  the  titration 
is  carried  on  until  the  salt  is  converted  into  the  double  salt 
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(NaCy,AgOy),  immediately  after  which  a  permanent  turbid- 
ity occurs,  due  to  precipitation  of  cyanide  of  silver,  thus : — 

AgCy.NaCy  +  AgN03  =  2AgCy  +  NaN03. 

The  commencement  of  this  turbidity  forms  a  delicate  and 
satisfactory  proof  of  the  completion  of  the  above  reaction. 

There  is,  however,  a  difficulty  in  the  conversion  of  the  acid 
into  the  cyanide  (Siebold),  to  which  it  is  necessary  to  pay 
particular  attention.  Tincture  of  litmus  is  added  to  the  acid 
diluted  largely  with  water,  and  the  soda  poured  in.  Owing 
to  the  strong  alkaline  reaction  of  the  cyanide  of  sodium 
formed,  the  mixture  becomes  blue  when  only  a  small  pro- 
portion of  the  acid  has  been  converted.  If  then  the  titration 
be  conducted  until  the  turbidity  appears,  only  the  cyanide  of 
sodium  will  be  estimated,  leaving  free  hydrocyanic  acid  still 
unacted  upon.  Indeed  cyanide  of  sodium  may  be  estimated 
in  presence  of  hydrocyanic  acid  in  this  way.  Thus  the 
following  reaction  (expressed  approximately)  might  occur : — 

NaCy  +  4HCy  +  AgN03  =  AgCy  +  NaN03  +  4HCy 

'  ,  '  »  ■  v  ' 

Alkaline.  Turbid  and  acid. 

In  this  case  only  one-fifth  of  the  cyanogen  originally  present 
would  be  estimated.  The  mixture  would,  however,  become 
acid.  If  this  acidity  be  prevented,  all  difficulty  is  overcome. 
The  following  details  (Senier)  will  be  found  to  answer  well. 
To  the  diluted  hydrocyanic  acid  add  soda  solution  until  a 
strong  alkaline  reaction  is  shown  by  the  tincture  of  litmus. 
Then  add  the  silver  solution  drop  by  drop  from  the  burette, 
when  in  most  cases  the  mixture  will  become  acid.  When  it 
does  so,  add  more  soda  solution,  and  repeat  this  process  until 
the  final  reading,  when  the  solution  must  be  alkaline.  In 
this  way  the  addition  of  too  much  soda  at  the  commence- 
ment, which  would  use  up  silver  solution  and  make  the 
reading  a  trifle  too  high,  is  avoided. 

Diluted  Hydrocyanic  Acid,  B.P.  and  U.S.P.,  should  con- 
tain 2  per  cent,  of  real  acid  (HON) ;  Aqua  Laurocerasi,  B.P., 
01  per  cent. 

Cyanide  of  Potassium.— €-1,  in  dilute  solution,  requires 
7*3  c.c. ;  equivalent  to  95  per  cent,  of  real  cyanide. 

Bromide  of  Ammonium. — Take  -1  to  -2  gramme  and  con- 
duct the  titration  in  the  same  manner  as  for  chloride  of 
sodium,  using  chromate  of  potassium  as  an  indicator : — 
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NH4Br    +    AgN03    =    AgBr    +  NH4N03 

10)98^  10)170 

9-8  17-0  =  grammes  in  l.OOOc.c.  of  standard  solution. 

t 

Bromide  of  Potassium. — Operate  upon  rather  less  than  1 
gramme,  and  conduct  the  titration  in  the  same  manner  as 
with  chloride  of  sodium,  using  chromate  of  potassium  as  an 
indicator  of  the  close  of  the  reaction. 


KBr    +    AgN03    =    AgBr    +  KN03 

10)119  10)170^ 

21-9  17-0  =  grammes  in  1,000  c.c.  of  standard  solution. 


The  British  Pharmacopoeia  requires  bromide  of  potassium 
to  contain  98  to  100  per  cent,  of  the  salt,  and  bromide  of 
sodium  about  99  per  cent. 

Lemembering  that  170  parts  of  nitrate  of  silver  (AgNOs  == 
170)  decompose  119  of  bromide  of  potassium  (KBr  =  119),  while 
on  the  one  hand  they  decompose  as  little  as  74-5  of  chloride 
of  potassium  (KOI  =  74-5),  and  on  the  other  hand  as  much  as 
166  parts  of  iodide  of  potassium  (KI  =  166),  it  will  be  seen 
that  the  quantitative  operation  of  the  chloride  as  an  impur- 
ity may  neutralize  the  quantitative  operation  of  the  iodide. 
Hence  the  necessity  to  test  the  bromide  qualitatively  as  well 
as  quantitatively,  and,  as  regards  either  impurity  singly,  of 
fixing  maximum  as  well  as  minimum  limits  of  the  action  ot 
the  volumetric  solution  of  nitrate  of  silver  on  bromide  of 
potassium.  "  Ten  grains  require  for  complete  decomposition 
not  less  than  838  nor  more  than  850  grain-measures  of  the 
volumetric  solution  of  nitrate  of  silver." 

Iodide  of  Potassium.— 0-2  should  require  12-04  c.c.  llie 
salt  is  often  98  or  99  per  cent,  pure,  containing  not  more 
than  0-5  per  cent,  of  chloride,  a  little  sulphate  and  a  little 
carbonate.  Iodide  of  Sodium.— 0-1  should  require  9"6  c.c, 
equivalent  to  99  per  cent,  of  real  iodide. 

Iodide  of  Potassium  may  be  volumetrically  estimated  by  a 
semi-decin'ormal  solution  of  mercuric  chloride,  the  termina- 
tion of  the  operation  being  indicated  by  the  commencement 
of  the  formation  of  a  red  precipitate  :— 

(1)  4KI  +  Hg012  =  2KC1  +  HgI2,2KI  (soluble). 

(2)  HgI2,2KI  +  HgCl2  =  2KC1  +  2HgI2  (insoluble). 
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The  author  of  this  process,  M.  Personne,  stated  (in  1875) 
that  neither  chlorides,  bromides,  nor  carbonates  interfere. 
Carles  dissolves  the  iodide  in  spirit  of  wine  of  17f  per  cent., 
as  much  excess  of  water  may  decompose  the  double  iodides. 

Iodide  of  Iron. — Messrs.  Naylor  and  Hooper. (in  1881) 
demonstrated  that  Personne's  solution  is  applicable  to 
ferrous  iodide,  even  in  the  state  of  syrup  : — 

(1)  2FeI2  +  HgCl2  =  FeCl2  +  FeI2,HgI2  (soluble). 

(2)  FeI2,HgI2  +  HgCl2  =  FeCl2  +  2HgI2  (insoluble). 

The  use  of  mercuric  chloride  for  estimating  the  strength 
of  syrup  of  iodide  of  iron  was  first  suggested  by  E.  Smith  in 
1859.    The  process  was  improved  by  T.  &  H.  Smith  in  1860. 

Arseniate  of  Sodium.— The  crystals  of  Na2HAs04,12H20 
lose  water  so  readily  that  they  cannot  be  relied  upon  to  be 
represented  by  that  formula.  After  the  loss  of  five  ..mole- 
cules of  water  another  definite  crystalline  form  (Na2HAs04, 
7H20)  remains.  The  amount  of  water  of  crystallization  is 
estimated  by  drying  at  300°  P. 

Na2HAs04,12H20  =  Na2HAs04    +  12H20 

186~  216 

It  will  be  evident  from  the  above  equation  that  402 
grammes  of  the  hydrous  arseniate  (Na2HAs04,12H20)  are 
equivalent  to  186  grammes  of  the  anhydrous  (Na2HAs04) ; 
in  other  words,  that  crystals  of  the  former  lose  53'73  per 
cent,  of  water  by  desiccation.  In  the  British  Pharmaco- 
poeia of  1867,  arseniate  of  sodium  was  estimated  by  titra- 
tion with  standard  solution  of  nitrate  of  silver,  a  sufficient 
quantity  of  soda  to  convert  it  into  tri-soclium  arseniate 
being  first  added.  The  completion  of  the  reaction  was  in- 
dicated by  a  precipitate  no  longer  forming  with  more  of  the 
silver  solution.  As  the  termination  of  the  reaction  is  ill- 
defined,  and  the  amount  of  soda  to  bo  added  can  only  be 
ascertained  when  the  amount  of  arseniate  is  already  known, 
this  method  is  very  unsatisfactory,  hence  the  salt  is  now  esti- 
mated officially  by  precipitation  with  acetate  of  lead.  A 
good  method  of  estimating  arseniate  of  sodium  is  to  treat  it 
with  sulphurous  acid,  and,  after  boiling — to  expel  excess  of 
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the  latter— to  titrate  the  resulting  arsenite  with  volumetric 
solution  of  iodine : — 

Na2HAs04    +    H2S03    =    Na2HAs03    +  H2S04 

20)186  20)170 
9-3  8-5 

Na2HAs03    +    I2    +    H20    =    Na2HAs04    +  2HI 

20)170  20)254 

g.5  12-7  =grammeB  in  1,000  c.c.  of  standard  solution. 

Spirit  of  Wine  (Spirit™  Rcctificatus,  B.P.)  may  contain 
traces  of  amylic  alcohol  and  aldehyde;  these  maybe  detected 
by  nitrate  of  silver,  which  is  reduced  by  them  to  the  metallic 
state.  Any  quantity  beyond  a  mere  trace  of  such  bodies 
renders  spirit  of  wine  too  impure  for  use  in  medicine.  "  Four 
fluid  ounces  with  thirty  grain-measures  (about  two  c.c.)  of 
the  volumetric  solution  of  nitrate  of  silver  exposed  for  twenty- 
four  hours  to  bright  light,  and  then  decanted  from  the  black 
powder  which  has  formed,  undergoes  no  further  change  when 
again  exposed  to  light  with  more  of  the  test." 

QUESTIONS  AND  EXERCISES. 
Explain  the  volumetric  method  of  estimating  the  strength  of  aqueous 
solutions  of  hydrocyanic  acid.-Work  a  sum  showing  how  much  nitrate 
of  silver  will  indicate,  by  the  official  volumetric  process,  the  presence  of 
1  part  of  real  hydrocyanic  acid.    Ans.,  3-148  parts. 


ESTIMATION  OP  SUBSTANCES  READILY  OXIDIZED. 

Any  deoxidizer,  that  is,  any  substance  which  quickly 
absorbs  a  definite  amount  of  oxygen,  or  is  susceptible  of  an3 
equivalent  action,  may  be  quantitatively  tested  by  ^item- 
ing how  much  of  an  oxidizing  agent  of  known  powei must 
be  added  to  a  given  quantity  before  complete  oxidation  is 
effected.  The  o'xidiziSg  agents  employed  for  this purpose  ,„ 
the  British  Pharmacopoeia  are  iodine  and  the  red  chioiiia 
of  potassium.    Permanganate  of  potassium  a  often  used Jor 

the  same  purpose.  Iodine  acts  «^^^S^2^ 
gen  from  water  and  liberating  oxygen;  the  red  ch tomato ot 
potassium  directly,  by  the  facility  with  wh  ch  it  yields 
three-sevenths  of  its  oxygen-as  indicated  by  the  equations 
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and  statements  given  on  p.  764 ;  permanganate  of  potassium, 
by  affording  five-eighths  of  its  oxygen  in  presence  of  acid, 

2K2Mn208  +  6H2S04  =  2K2S04  +  4MnS04  +  6H20  +  502. 

Standard  Solution  of  Iodine. 
(Iodine,  1  =  127.) 

If  pure  iodine  be  not  at  hand,  it  may  be  prepared  by 
mixing  the  commercial  article  with  about  a  fourth  of  its 
weight  of  iodide  of  potassium  and  subliming.  Sublimation 
may  be  effected  by  gently  warming  the  mixture  in  a  beaker, 
the  mouth  of  which  is  closed  by  a  funnel ;  the  iodine  vapour 
condenses  on  the  funnel,  while  fixed  impurities  are  left 
behind,  and  any  chlorine  which  the  iodine  may  contain  is 
absorbed  by  the  iodide  of  potassium,  an  equivalent  quantity 
of  iodine  being  liberated.  Small  quantities  may  be  similarly 
treated  between  two  watch-glasses,  placed  edge  to  edge. 
Any  trace  of  moisture  in  the  resublimed  iodine  is  removed 
by  exposure  for  a  few  hours  under  a  glass  shade  near  a  vessel 
containing  oil  of  vitriol. 

Place  12-7  grammes  of  pure  iodine  and  about  18  grammes 
of  pure  iodide  of  potassium  (an  aqueous  solution  of  which  is 
the  best  solvent  of  iodine ;  the  salt  plays  no  other  part  in 
these  operations)  in  a  litre  flask,  add  a  little  water  and 
agitate  until  the  iodine  is  dissolved  ;  dilute  to  1  litre. 

The  following  substances  are  officially  estimated  by  this 
volumetric  solution : — 

Sulphurous  Acid. — Operate  on  about  *5  of  a  gramme  of 
the  acid,  and  dilute  with  water  as  usual.  If  the  sulphurous 
acid  be  diluted  to  a  less  degree  than  *04  or  "05  per  cent., 
there  will  be  some  risk  of  the  sulphuric  acid  formed  being 
again  reduced  to  sulphurous  acid,  with  liberation  of  iodine. 
In  delicate  experiments  the  distilled  water  used  for  dilution 
should  previously  be  freed  from  air  by  boiling,  to  prevent 
the  small  amount  of  oxidizing  action  which  dissolved  air 
would  exert.  The  solution  of  iodine  is  then  added  until  a 
slight  permanent  brown  tint  is  produced,  showing  the  pre- 
sence of  free  iodine.  A  better  indicator  of  the  termination 
of  the  reaction  is  mucilage  of  starch,  which  gives  a  blue 
colour  with  the  slightest  trace  of  free  iodine. 

The  following  equations,  etc.,  show  the  reaction  that  takes 
placo : — 
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H2S03    +    H20    +    I2     =    2HI    +  H3S04 
20)254 

12-7  =Ri  ms.  in  l.OuO  c.c.  of  stand,  sol. 

HjO.SOj    +    H20    +  I3     =    2HI    +  H.,S04, 

20)64  20)254 

— 3-2  12*7  =  grms.  in  1,000  c.c.  of  stand,  sol. 

The  official  (B.P.)  sulphurous  acid  should  contain  5  per 
cent,  of  sulphurous  anhydride  (S02). 

Arsenic—  About  '1  of  a  gramme  of  solid  arsenic,  accurately 
weighed,  should  be  dissolved  in  the  usual  quantity  of  water, 
heated  to  boiling,  by  aid  of  about  -5  of  a  gramme  of  bicarbo- 
nate of  sodium.  The  arsenious  acid  is  only  partly,  if  at 
all,  converted  into  arsenite  or  arseniate  of  sodium ;  but  the 
iodine  reaction  occurs  more  readily  in  an  alkaline  solution. 
When  the  liquid  is  quite  cold,  mucilage  of  starch  is  added, 
and  the  iodine  solution  allowed  to  flow  in  until,  after  well 
stirring,  a  permanent  blue  colour  is  produced.— The  official 
arsenical  solution  already  containing  some  carbonate  of 
potassium,  requires  somewhat  less  bicarbonate  of  sodium. 
10  grammes  is  a  convenient  quantity  to  operate  upon,  lo 
this  should  be  added  the  usual  quantity  of  water  and  about 
•3  of  a  gramme  of  bicarbonate  of  sodium.  After  boiling 
and  cooling,  the  titration  is  carried  on  as  before.— About 
10  grammes  of  the  official  solution  of  arsenic  in  diluted 
hydrochloric  acid  is  also  a  convenient  quantity  to  operate 
upon.  This  quantity  requires  about  -6  of  a  gramme  ot  bi- 
carbonate of  sodium.  The  usual  quantity  of  water  is  added, 
and  the  titration  performed  as  before.  The  following  equa- 
tion exhibits  the  reaction  : — 


As,0 


2W3 


+    SHoO    +    2I„    =    4HI    +  2H3As04 


40)198  40)508 

' — a.gg  ~i2-7  =  grammes  in  1,000  c.c.  standard  BOl. 

Arsenic,  B.P.,  should  contain  100  per  cent.,  and  both 
Solutions,  B.P.,  contain  about  1  per  cent,  of  arsenic. 

In  the  foregoing  operation,  if  ebullition  be  continued 
longer  than  is'necessaly  for  the  solution  of  t be ,  arsenic  more 
monocarbonate  of  sodium  may  be  formed  than  w  ill  be  re- 
converted  into  bicarbonate  by  the  h^tuZ *™^n' 
loss  of  iodine  will  then  ensue.     E.  J.  Woolley  has  shoun 
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that  borax  may  be  usefully  employed  in  the  place  of  the 
bicarbonate  of  sodium. 

Antimony  also  passes  from  lower  to  higher  active  quan- 
tivalence  under  the  influence  of  nascent  oxygen,  iodine,  or 
an  equivalent  acidulous  radical.  The  following  equation 
illustrates  the  reaction  with  tartar  emetic  and  iodine.  The 
student  should  make  several  determinations  on,  say,  20  c.c. 
of  a  solution  of  2  grammes  of  pure  crystals  of  tartar  emetic 
in  200  c.c.  of  water.  To  the  20  c.c.  add  about  an  equal 
amount  of  strong  solution  of  bicarbonate  of  sodium,  a  couple 
of  c.c.  of  starch  mucilage,  and  then  the  iodine  solution,  until, 
after  stirring,  the  blue  colour  is  fairly  persistent.  The  whole 
operation  should  be  quickly  conducted  or  a  precipitate  of 
antimonious  hydrate  will  be  formed,  and  it  is  only  when 
in  solution  that  the  antimony  is  properly  attacked.  This 
process  is  by  Mohr.  It  has  been  tested  by  Fresenius  and  in 
the  Research  Laboratory  of  the  Pharmaceutical  Society,  and 
is  trustworthy. 

(KSbOC4H406)2,H20  +  2I2  +  3H20  =  4HI  +  2KHC4H406  +  2HSb03 

40)664  40)508 

16-6  12-7  =  grammes  in  1,000  c.c.  of  staudard  sol. 

Hyposulphite  of  Sodium. — About  "4  of  a  gramme  is  a  con- 
venient quantity  to  employ.  It  is  dissolved  in  water,  starch 
mucilage  added,  and  the  iodine  solution  slowly  run  in,  the 
whole  being  frequently  stirred,  until  a  permanent  blue 
colour  is  produced. 

In  the  previous  reactions  iodine  has  acted  as  an  indirect 
oxidizing  agent  by  uniting  with  the  hydrogen  and  thus 
liberating  the  oxygen  of  water.  In  the  present  case  it  unites 
with  an  analogue  of  hydrogen,  namely  sodium,  a  new  salt 
(tetrathionate  of  sodium)  being  also  produced,  thus  : — 

2(Na2S203,5H20)   +   I2  =  2NaI  +  Na,S4Oi;  +  10H2O 

20J496-  20)254 

24*8  12,7  =  g''ammes  in  1,000  o.c.  of  standard  sol. 

The  British  Pharmacopoeia  requires  absolute  purity  in  the 
case  of  hyposulphite  of  sodium — or  thiosul]>/iatc  of  sodium 
as  it  is  now  generally  termed. 
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QUESTIONS  AND  EXEECISES. 

Give  equations  illustrative  of  the  reactions  on  which  the  use  of  a 
standard  volumetric  solution  of  iodine  is  based. — From  what  point  of 
view  is  iodine  an  oxidizing  agent  ? — What  reagent  indicates  the  termina- 
tion of  the  reaction  between  deoxidizing  substances  and  moist  iodine  ? — 
How  much  sulphurous  acid  gas  will  cause  the  absorption  of  2-54  parts 
of  iodine  in  the  volumetric  reaction?  Ans.,  0-64. — What  quantity  of 
iodine  will  be  required,  under  appropriate  conditions,  to  oxidize  5  parts  of 
arsenic  ?  Ans.,  12  828. — Find  by  calculation  the  amount  of  hyposulphite 
of  sodium  which  will  react  with  13  parts  of  iodine  in  volumetric  analysis. 
Ans.,  25-386. 


Volumetric  Solution  of  Red  Chromate  of  Potassium. 
(Red  Chromate  of  Potassium,  K2Cr207  =  295.) 

One  molecule  of  red  chromate  of  potassium  in  presence  of 
an  acid,  under  favourable  circumstances,  yields  four  atoms 
of  oxygen  to  the  hydrogen  of  the  acid,  leaving  three  avail- 
able either  for  direct  oxidation  or  for  combination  with  the 
hydrogen  of  more  acid,  an  equivalent  proportion  of  acidulous 
radical  being  liberated  for  any  required  purpose. 

When  used  as  a  volumetric  agent,  the  red  chromate  always 
yields  the  whole  of  its  oxygen  to  the  hydrogen  of  the  accom- 
panying acid,  a  corresponding  quantity  of  acidulous  radical 
being  set  free— four-sevenths  of  this  radical  immediately 
combining  with  the  potassium  and  chromium  of  the  red 
chromate,  three-sevenths  becoming  available.  Ferrous  salts 
may  thus  be  converted  into  ferric  with  sufficient  rapidity  and 
exactitude  to  admit  of  the  estimation  of  an  unknown  quantity 
of  iron  by  a  known  quantity  of  the  red  chromate.  As  one 
atom  of  any  liberated  bivalent  acidulous  radical  will  convert 
two  molecules  of  ferrous  salt  into  one  of  ferric,  one  molecule 
of  red  chromate  causes  six  of  ferrous  to  become  three  of 
ferric,  as  shown  in  the  following  equation : — 
K2Cr04,  GrOs  +  7H2S04  +  6FeS04  =  K,SO4,0rs8SO<  +  7H20  +  SlFe^SO,). 

The  volumetric  solution  is  made  by  dissolving  14-75 
grammes  of  a  molecular  weight  in  grammes)  of  red 
chromate  of  potassium  in  water,  and  diluting  to  one  litre.  It 
is  used  in  determining  the  strength  of  the  ferrous  prepara- 
tions It  is  known  that  the  whole  of  the  ferrous  has  been 
converted  to  ferric  salt  when  a  small  drop  of  the  liquid 
placed  in  contact  with  a  drop  of  a  fresh  and  very  di - 
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solution  of  ferricyanide  of  potassium,  on  a  white  plate,  ceases 
to  strike  a  blue  colour. 

If  the  red  chromate  employed  in  making  this  standard 
solution  is  not  known  to  be  pure  and  dry,  the  strength  of  the 
solution  may  be  checked  by  dissolving  a  small  accurately 
weighed  piece  of  pianoforte  wire  (04  or  05)  in  diluted 
sulphuric  acid  in  a  small  flask,  warming,  and  then  running 
in  the  solution  of  red  chromate  until  conversion  is  effected. 

The  reactions  which  take  place  may  be  thus  expressed  : — 

6Fe  +  6H3S04  =  6FeS04  +  GEL 

20)336  20)912 
~16-8  ~~ 45-6 

GFeS04  +  K2Cr207  +  7H2S04  =  K„S04,Cr23S04  +  7H20  +  3(Fe23S04) 

20)912  20)295 

45*6  14-75  =  grammes  in  1,000  c.o.  standard  solution. 

It  is  evident  that  16'8  grammes  of  iron  are  equivalent  in 
the  reactions  to  14-75  of  red  chromate  or  1,000  c.c.  of  standard 
solution  of  the  chromate.  Now  suppose  that  0'5  of  a  gramme 
of  pianoforte  wire  has  been  employed,  and  the  quantity  of 
solution  of  red  chromate  of  unknown  strength  used  has  been 
28  c.c.  How  many  c.c.  of  this  solution  contains  14-75  of  red 
chromate,  that  is,  how  many  c.c.  must  be  required  to  oxidize 
ferrous  salt  containing  16'8  of  iron  ?  As  -5  of  iron  is  to  28 
c.c.  sol.,  so  are  16*8  of  iron  to  x  c.c.  sol.  =941  c.c.  Of  the 
supposed  solution,  then,  941  c.c.  would  contain  14*75  grammes 
of  red  chromate,  and  would  be  equivalent  to  1,000  c.c.  of 
standard  solution.  It  might  be  employed  without  being 
diluted,  or,  better,  be  diluted  to  official  standard  strength. 

For  standardizing  the  solution  of  red  chromate,  instead  of 
iron  wire,  the  light-green  crystals  of  the  double  ferrous  sul- 
phate and  sulphate  of  ammonium  (FeS04,(NH4)2S04,6H20  = 
392)  may  be  employed,  for  it  is  a  very  stable  salt. 

Special  care  should  be  taken  in  all  these  estimations  of 
substances  readily  oxidized  to  avoid  atmospheric  oxidation. 
Flasks  may  usually  be  loosely  corked,  or  corked  closely  with 
a  gas  exit-tube  passing  just  beneath  a  little  mercury,  and  in 
all  cases  the  estimation  should  be  performed  quickly.  When 
standardizing  with  iron  wire,  any  slight  oxidation  may  be 
remedied  by  a  fragment  of  zinc,  the  last  portions  of  which 
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must  be  removed  or  dissolved  before  the  titration  is  com- 
menced. 

The  ferrous  salt  in  the  following  substances  is  estimated 
officially  by  this  solution. 

Sulphate  of  Iron.— Operate  on  1  to  2  grammes.  Dissolve 
the  sulphate  in  water  and  add  excess  of  sulphuric  acid  ;  the 
preceding  equation  indicates  the  reaction. 

Sulphate  of  iron,  B.P.,  ought  to  contain  99  per  cent  of 
real  sulphate  or  54-15  per  cent,  of  anhydrous  sulphate.  I  he 
granulated  sulphate  of  iron  is  titrated  in  the  same  way,  and 
should  be  pure,  containing  54-67  per  cent,  of  anhydrous  sul- 
phate of  iron.  The  dried  sulphate  should  contain  87-09  per 
cent,  of  the  anhydrous  sulphate  (FeS04). 

Arseniate  of  Iron.— Operate  upon  1  to  2  grammes  Dissolve 
in  excess  of  diluted  sulphuric  or  hydrochloric  acid.  Sulphuric 
acid  is  preferable  in  most  cases,  because  ferrous  sulphate 
absorbs  oxygen  much  less  readily  than  ferrous  chloride,  ihe 
reaction  that  occurs  is  shown  in  the  following  equation,  the 
ferrous  arseniate  being  converted  into  ferric  arseniate  :— 

2(Fe"32As04)  +  7H„S04   +   KjCrA  = 

20)SQ2~  20)295 

~~44'6  =grms.  in  1,000  c.c.  stand,  sol. 

KaS04)Cr33S04  +  Fe"'23S04  +  2(Fe"'32As04)  +  7H20. 

Arseniate  of  iron,  B.P.,  is  supposed  to  contain  about ;  10 
per  cent,  of  ferrous  arseniate.  The  compound  is  more  neaily 
a  ferric  than  a  ferrous  arseniate. 

Phosphate  o/Iw».-Operate  upon  1  to  2  grammes.  Proceed 
as  with  arseniate.  The  following  equation  indicates  the 
reaction,  the  ferrous  phosphate  being  converted  into  feme 
phosphate  : — 

2(Fe'32P04)  +  7H2S04  +  KjCrs07  = 

-35.3  14-75  =  1,000  c.c.  of  standard  sol. 

K2SO.„Cr23S04  +  Fo"'23S04  +  2(Fe"'22P04)  +  7H20 

The  official  (B.P.)  requirement  is  about  one-third  of  its 
weTght  of  anhydrous  ferrous  phosphate,  or  47  per  cent,  of 

^^^MomU.-Bv^  as  with  arseniat6'  U9ing 
about  the  same  quantity  :— 
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6FeC03+13H2S04+  K2Cr207  =  K3S04Cr23S04+3(Fe23S04)+13H20+6C02 

20)m>  20)295 

34-8  1  4-75  =  1,000  c.c.  of  standard  solution. 

The  official  (B.P.)  strength  in  anhydrous  carbonate  is 
:t  about  one-third."  Trade  samples  yield  from  20  to  30, 
and  sometimes  35  per  cent.,  according  to  the  care  with  which 
oxidation  has  been  prevented.  The  theoretical  percentage 
obtainable  from  the  ingredients  is  45-5,  the  quantity  that 
would  be  present  if  the  compounds  were  anhydrous  and 
unoxidized — conditions  never  obtained  in  practice.  Howie 
has  suggested  that  as  hydrochloric  acid  is  known  to  so 
rapidly  convert  ordinary  sugar  into  inverted  sugar  as  to 
render  it  easily  attacked  by  chromic  acid,  while  phosphoric 
acid  very  slowly  affects  sugar,  the  latter  acid  instead  of  the 
former  should  be  employed  in  dissolving  the  saccharated 
carbonate  of  iron  for  volumetric  analysis.  Another  mode  of 
eliminating  the  action  of  sugar  is  to  char  with  sulphuric  acid 
before  analysing. 

Magnetic  Oxide  of  Iron. — Use  about  the  same  quantity  as 
of,  and  proceed  as  with,  arseniate  or  phosphate.  The  reaction 
may  thus  be  shown  : — 

6Fe304  +  31H2S04  +  K2Cr207  =  K2S04,Cr23S04  +  9(Fe23S04)  +  31H20 

20)295^ 

(iy-fj  14"75  =  grammes  in  1,000  c.c.  ol  standard  solution. 

6(Fe203,FeO)  +  31H2S04  +  K2Cr207  =  K2S04,Cr23S04  +  9(Fe23S04)  +  31H20 

20)432  20)295^ 

21-6  14-75  =  grammes  in  1,000  c.c.  of  stand,  solution. 

Absolutely  pure  magnetic  oxide  of  iron  contains  31  per 
cent,  of  ferrous  oxide.  Oxidation  occurs,  however,  during 
manufacture,  as  in  the  case  of  the  ferrous  salts  just  de- 
scribed. 

Note. — The  use  of  this  volumetric  solution  in  quantitative 
analysis  admits  of  great  extension.  The  student  should  at 
least  employ  it  in  the  case  of  a  few  iron  ores. 


QUESTIONS  AND  EXERCISES. 

Write  equations  explanatory  of  the  oxidizing  power  of  red  chromate  of 
potassium.  — One  hundred  cub.  cent,  of  an  aqueous  solution  of  red  chro- 
mate of  potassium  contain  J(jn  of  the  molecular  weight  of  the  salt  in 
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grammes ;  with  what  weight  of  metallic  iron,  dissolved  in  hydrochloric 
acid,  will  this  volume  react?  Am.,  1-68  gramme. — If  8-34  grammes  of 
impure  crystallized  ferrous  sulphate,  dissolved  in  acidulated  water,  re- 
quire 93  c.c.  of  the  standard  solution  of  chromate  for  complete  conversion 
into  ferric  salt,  what  percentage  of  ferrous  sulphate  is  present  ?  Am., 
93. — Work  a  sum  showing  how  much  red  chromate  of  potassium  is  re- 
quired for  the  conversion  of  10  parts  of  ferrous  sulphate  into  ferric  salt. 
Am,,  1-768. — Show  what  quantity  of  pure  ferrous  carbonate  is  indicated 
by  1-475  part  of  red  chromate  as  applied  in  volumetric  analysis,  aus.  , 
3-48. — Prove  what  amount  of  official  saccharated  carbonate  of  iron  is 
equivalent  to  -7375  part  of  red  chromate  in  the  volumetric  reaction. 
Am.,  4-7. 


ESTIMATION  OF  SUBSTANCES  READILY  DEOXIDIZED. 

Any  substance  which  quickly  yields  a  definite  amount  of 
oxygen  maybe  quantitatively  tested  by  ascertaining  how  much 
of  a  deoxidizing  agent  of  known  power  must  be  added  to  a 
given  quantity  before  complete  deoxidation  is  effected.  The 
chief  compounds  which  may  be  used  for  this  absorption  of 
oxygen  (deoxidizers  or  reducing  agents,  as  they  are  com- 
monly termed)  are  hyposulphite  of  sodium,  sulphurous  acid, 
ferrous  sulphate,*  oxalic  acid,  arsenious  acid.  The  first- 
named  is  officially  employed  ;  it  is  only  used  in  the  estima- 
tion of  free  iodine,  and,  indirectly,  of  chlorine  and  chlori- 
nated compounds.  Iodine  and  chlorine  are  regarded  as 
oxidizing  agents,  because  their  great  affinity  for  hydrogen 
enables  them  to  become  powerful  indirect  oxidizers  in  pre- 
sence of  water. 

Standard  Solution  of  Hyposulphite  of  Sodium. 
(Crystallized  Hyposulphite  of  Sodium,  NasSs03)5H20  =  284.) 

Dissolve  about  27  grammes  of  hyposulphite  df_  sodium  in 
a  litre  or  less  of  water.  Fill  a  burette  with  this  solution, 
and  allow  it  to  flow  into  a  beaker  containing,  say,  15  c.c.  of 
the  volumetric  solution  of  iodine,  until  the  brown  colour  of 
the  iodine  is  just  discharged— or,  starch  being  added,  until 
the  blue  iodide  of  starch  is  decolorized.  (The  latter  affords 
the  more  delicate  indication.)  When  iodine  and  hyposul- 
phite of  sodium  react,  two  atoms  of  iodine  remove  two  of 

*  "  Five  grains  of  permanganate  of  potassium  dissolved  in  water  require 
for  complete  decoloration  a  solution  of  forty-four  grains  of  granulated 
sulphate  of  iron  acidulated  with  two  rluid  drachms  of  diluted  sulphuric 
acid."— B.P. 
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sodium  from  two  molecules  of  the  hyposulphite,  tetrathiouate 
of  sodium  being  formed,  thus  : — 

L,  +  2(Na*S2O3,5H2O)  =  2NaI  +  Na2S4O6  +  10H2O. 

20)254     •  20)496 

12'7  =  grins,  of  iod.  in  1,000  c.o.     24  "8  =  gTms.  of  hypo,  in  1,000  c.c 

Now  suppose  the  number  of  c.c.  required  to  fully  attack 
the  15  c.c.  of  standard  iodine  were  14  c.c,  how  many  c.c. 
of  this  hyposulphite  solution  would  be  equivalent  to  1,000 
c.c.  of  standard  iodine  solution  ?  In  other  words,  how 
many  c.c.  would  contain  24"8  grammes  of  hyposulphite  ? 
As  15  c.c.  iodine  sol.  are  to  14  c.c.  hyposulph.  sol.,  so  are 
1,000  iodine  sol.  to  x  hyposulph.  sol. —  933  c.c.  Therefore 
933  c.c.  of  this  solution  of  hyposulphite  would  contain  24-8 
grammes  of  the  salt,  and  be  equivalent  to  1,000  c.c.  of  the 
official  standard  solution.  The  933  c.c.  would  be  diluted  to 
1,000  c.c.  or  be  used  without  dilution.  In  either  case  its 
strength  would,  as  usual,  be  recorded  on  the  label.  The 
following  substances  are  estimated  officially  by  means  of  this 
solution. 

Solution  of  Chlorine. — About  10  grammes  are  operated 
upon.  Excess  of  iodide  of  potassium  is  added — that  is,  to 
10  grammes  of  solution  of  chlorine,  about  half  a  gramme  of 
iodide.  An  amount  of  iodine  is  set  free  by  the  chlorine 
exactly  in  proportion  to  their  atomic  weights.  The  titration 
is  then  conducted  as  already  described.  The  following  equa- 
tions show  the  reactions : — 

Cl2     +     2KI     =     I2     +  2KC1 

20)71  20)254 
355  12-7 

L   +   2(Na2S203,5H2Oj    =    2NaI   +   NaoS4Oc   +  10H2O 

20)254  20)496 

12'7  24-8  =  grammes  in  1,000  c.c.  of  standard  solution. 

It  is  evident,  then,  that  1,000  c.c.  of  standard  solution  of 
hyposulphite  of  sodium,  or  a  corresponding  quantity  of  a 
solution  of  different  strength,  is  equivalent  to  355  grammes 
of  chlorine  gas.  Solution  of  chlorine  of  the  British  Phar- 
macopoeia contains  -6  per  cent,  of  chlorine  gas. 

Iodine. — Solid  iodine  is  dissolved  in  solution  of  iodide  of 
potassium,  and  titrated  as  already  described.    About  -2  of  a 

A.c.  3  D 


770 


QUANTITATIVE  ANALYSIS. 


gramme  is  a  convenient  quantity  to  employ.  1,000  c.c.  of 
standard  hyposulphite  solution  is  equivalent,  as  seen  in  the 
equation,  to  12-7  of  iodine.  The  British  Pharmacopoea  re- 
quires "  iodine  "  to  contain  100  per  cent,  of  real  iodine.  It 
is  assumed  in  this  operation  that  the  iodine  has  been  shown 
by  qualitative  analysis  to  be  free  from  chlorine  and  bromine. 
These  elements  resemble  iodine  in  reacting  upon  hyposul- 
phite of  sodium,  hence  would  reckon  as  iodine  in  a  volumetric 
assay. 

Chlorinated  Lime.— Operate  on  from  -1  to  -2  of  a  gramme. 
Dissolve  in  the  usual  quantity  of  water,  and  add  excess  of 
iodide  of  potassium  and  diluted  hydrochloric  acid.  -1  to  '2 
of  a  gramme  of  chlorinated  lime  would  require  -4  to  -8  of  a 
gramme  of  iodide  of  potassium.  The  following  equations 
show  the  reactions  : — 

CaOCl2    +    2HC1    =    CaCl2    +    H20    +    CL ; 
or,  CaOCl2    +    I^SO,  =    CaS04  +    H20    +  Cl2. 

The  chlorine  thus  set  free  liberates  an  equivalent  amount 
of  iodine,  and  this  is  titrated  as  before.  (See  the  equations 
for  solution  of  chlorine,  p.  769.)  This  chlorine,  liberated 
from  chlorinated  lime  by  acids,  is  its  available  chlorine  tor 
indirect  oxidizing  action.  It  should  correspond  (J3.P.)  to 
33  per  cent. 

Solution  of  Chlorinated  Lime.-About  2  grammes  is  a 
convenient  quantity  to  operate  upon.  1  gramme  of  iodide ,  of 
potassium  and  excess  of  acid  should  be  added  and  he  avail- 
able chlorine  determined  as  m  the  case  of  the  solid.  Itae 
official  (B.P.)  requirement  is  about  2  to  3  per  cent,  of  avail- 

ablSomionGof  Chlorinated  Soda.-A bout  2  gunnies  «re 
mixed  with  the  usual  quantity  of  ^.^^if^J 
of  iodide  of  potassium  and  excess  of  acid  added.  The  avail 
able  chlorine  is  estimated  as  in  the  case  of  chlorinated  lime. 
The  reaction  by  which  the  chlorine  is  evolved  is  famihai  .- 
NaCl,  NaOCl  +  2HC1  =  2NaCl  +  HaO  +  01,. 
The  action  of  the  liberated  chlorine  on  the  iodide  of  potas- 
sium and  the  iodine  on  the  hyposulph  te  solution  has ibeen 
described  under  "  solution  of  chlorine.  The  official  (B.P.) 
requirement  is  about  2-5  per  cent,  of  available  chlorine. 
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QUESTIONS  AND  EXEKCISES. 

For  what  purpose  is  the  official  volumetric  solution  of  hyposulphite 
of  sodium  used  ? — On  what  reaction  is  based  the  quantitative  employ- 
ment of  hyposulphite  of  sodium  ? — How  much  hyposulphite  of  sodium  is 
required  to  show  the  presence  of  10  parts  of  iodine? — Ans.,  19-527. — 
Calculate  the  amount  of  chlorine  4-96  parts  of  hyposulphite  of  sodium 
are  equivalent  to  in  volumetric  analysis.  Ans.,  -71. — Describe  the  opera- 
tions included  in  the  estimation  of  the  strength  of  bleaching-powders.— 
By  what  reagent  is  the  complete  absorption  of  free  iodine  by  hyposulphite 
of  sodium  indicated  ? 

QUESTIONS,  WITH  ANSWERS  FOR  VERIFICATION. 

Work  sums  showing  how  much  bicarbonate  of  potassium  is  contained 
in  an  eight-ounce  bottle  of  medicine,  seven  fluid  drachms  of  which  are 
saturated  by  two  and  a  half  grains  of  crystallized  oxalic  acid.  Ans.,  36-3 
grains. — A  sample  of  soda-ash  is  said  to  contain  78  per  cent,  of  pure  an- 
hydrous carbonate  of  sodium  :  if  the  statement  be  true,  how  much  of  the 
official  volumetric  solution  of  oxalic  acid  will  saturate  5  grammes  of  the 
specimen?  Ans.,  73-6. — 2-69  grammes  of  common  brown  sulphuric  acid 
are  saturated  by  43-5  cubic  centimetres  of  the  official  volumetric  solution 
of  soda;  how  much  acid  of  96-8  per  cent,  is  present?  Ans.,  The  2-69 
contain  2-2. — Four  grammes  of  a  litre  and  a  half  of  concentrated  hydro- 
cyanic acid  are  equivalent  to  89  cubic  centimetres  of  volumetric  solution 
of  nitrate  of  silver  of  official  strength  ;  to  what  volume  must  the  bulk  of 
the  acid  be  diluted  for  the  production  of  acid  of  pharmacopceial  strength  ? 
Ans.,  9  litres. — 348  grammes  of  a  powder  containing  arsenic  require  for 
complete  reaction  84  cubic  centimetres  of  a  volumetric  solution  of  iodine, 
which  is  1*43  per  cent,  weaker  than  the  standard  solution  of  the  British 
Pharmacopoeia ;  what  percentage  of  pure  arsenic  <  is  contained  in  the 
powder  ?  Ans.,  12-86. — How  much  pure  metal  is  present  in  a  sample  of 
iron  1-68  gramme  of  which,  dissolved  in  diluted  sulphuric  acid,  is  exactly 
attacked  by  95-7  cubic  centimetres  of  an  official  volumetric  solution  of  red 
chromate  of  potassium  which  is  -6  per  cent,  too  strong  ? 


GRAVIMETRIC  QUANTITATIVE  ANALYSIS. 

(For  preliminary  remarks  on  the  general  principles  of 
gravimetric  analysis  and  the  relation  of  gravimetric  and 
volumetric  analyses  to  each  other,  see  pages  706  and  707.) 

ESTIMATION  OF  METALS. 
POTASSIUM. 

Outline  of  the  process. — This  element  is  usually  estimated 
in  the  form  of  double  chloride  of  potassium  and  platinum. 
Qualitative  analysis  having  proved  the  presence  of  potassium 
and  other  radicals  in  a  substance,  a  small  quantity  of  the 
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material  is  accurately  weighed,  dissolved,  and  the  other 
elements  removed  by  appropriate  reagents  :  the  precipitates 
are  well  washed,  in  order  that  no  trace  of  the  potassium  salt 
shall  be  lost,  the  resulting  liquid  concentrated  over  a  water- 
bath  (to  avoid  loss  that  would  occur  mechanically  during 
ebullition),  hydrochloric  acid  added  if  necessary,  solution  of 
perchloride  of  platinum  poured  in,  and  evaporation  continued 
to  dryness :  excess  of  the  perchloride  is  then  dissolved  out 
by  adding,  to  the  dried  residue,  spirit  of  wine  containing 
half  its  bulk  of  ether  (a  liquid  in  which  the  double  chloride 
is  insoluble),  the  mixture  is  carefully  poured  on  to  a  tared 
and  dried  filter,  washed  with  the  spirit  till  every  trace_  of 
free  perchloride  of  platinum  is  removed,  and  the  whole  dried 
and  weighed ;  from  the  resulting  amount  the  proportion  of 
potassium,  or  equivalent  quantity  of  a  salt  of  potassium,  is 
ascertained  by  calculation. 

jSfote. — From  this  short  description  it  will  _be_  seen, 
first,  that  the  chemistry  of  quantitative  analysis  is  the 
same  as  that  of  qualitative ;  and  secondly,  that  the  prin- 
ciple of  gravimetic  is  the  same  as  that  of  volumetric 
quantitative  analysis :— the  combining-proportions  of 
substances  being  known,  unknown  quantities  of  ele- 
ments may  be  ascertained  by  calculation  from  known 
quantities  of  -their  compounds. 

Apparatus.— In  addition  to  a  delicate  balance  and  weights 
and  the  common  utensils,  a  few  special  instruments  are  used 
in  quantitative  manipulation ;  some  of  these  may  be  prepared 
before  proceeding  with  the  estimation  of  potassium.      _  ^ 

Filtering-paper  may  be  of  the  kind  known  as  "  Swedish, 
the  texture  of  which  is  of  the  requisite  degree  of  closeness, 
and  its  ash  small  in  amount.  A  large  number  of  circular 
pieces  of  one  size,  six  to. eight  centimetres  in  diameter, 
should  be  cut  ready  for  use.  In  delicate  experiments,  where 
a  precipitate  on  a  filter  has  to  be  ignited  and  the  paper  sub- 
sequently burnt,  the  weight  of  the  ash  of  the  filter  must  be 
deducted  from  the  weight  of  the  residue.  The  ash  is 
estimated  after  burning  ten  or  twenty  of  the  cut  filters. 
These  are  folded  into  a  small  compass,  a  portion  of  a  piece 
of  platinum  wire  twisted  a  few  times  round  the  packet,  so 
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as  to  form  a  cage,  the  whole  held  by  the  free  end  of  the  wire 
over  a  weighed  porcelain  crucible  placed  in  the  centre  of  a 
sheet  of  glazed  paper,  the  bundle  ignited  by  a  spirit-lamp  or 
smokeless  gas-flame,  the  flame  allowed  to  impinge  against 
the  charred  mass  till  it  falls  into  the  crucible  below,  any 
stray  fragments  on  the  sheet  carefully  shaken  into  the 
crucible,  the  latter  placed  over  a  flame  till  carbon  has  all 
burnt  off,  and  nothing  but  ash  remains,  the  whole  cooled, 
weighed,  and  the  weight  of  the  crucible  deducted  ;  the  weight 
of  the  residue  divided  by  the' number  of  pieces  used  gives  the 
average  amount  of  ash  in  each  filter. 


Fig.  75.  Fig.  76. 


A  PAIB  OF  WEIGHING-TUBES.  CLAMPED  WATCH-GLASSES  FOR  WEIGHING. 

A  pair  of  weighing-tubes  (fig.  75),  for  holding  dried  filters 
during  operations  at  the  balance,  may  be  made  from  two 
test-tubes,  one  fitting  closely  within  the  other.  About  five 
centimetres  of  the  closed  end  of  the  outer  and  seven  of  the 
inner  are  cut  off  by  leading  a  crack  round  the  tube  with  a 
pencil  of  incandescent  charcoal,  and  the  sharp  edges  fused  in 
the  blowpipe-flame.  A  filter,  after  drying,  is  quickly  folded 
and  placed  in  the  narrower  tube,  the  mouth  of  which  is  then 
closed  by  the  wider  tube.  This  prevents  reabsorption  of 
moisture  from  the  air.  A  pair  of  watch- glasses,  having 
accurately  ground  edges  and  clamped  as  shown  in  figure  76, 
also  forms  a  convenient  arrangement  for  weighing  filters,  etc. 

The  ivashing-bottle  (fig.  77),  holding  the  spirit  of  wine  and 
ether,  is  a  common  flask,  through  the  cork  of  pig,  77. 
which  a  short  straight  tube  passes.  The  outer 
end  of  the  tube  should  be  sufficiently  narrowed 
to  enable  it  to  deliver  a  very  fine  stream  of  the 
liquid.  The  flask  being  inverted,  the  warmth 
of  the  hand  expands  the  air  and  vapour  to  a 
sufficient  extent  to  force  out  the  liquid. 
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The  ordinary  washing-bottle  for  quantitative  operations 
should  be  formed  of  a  flask  in  which  water  may  be  boiled, 
fitted  up  as  usual  {vide  p.  119). 

A  Water-oven  is  the  best  form  of  drying-apparatus.  It  is 
a  small  square  copper  vessel,  jacketed  on  five  sides  and 
having  a  door  on  the  sixth  ;  water  is  poured  into  the  space 
between  the  inner  and  outer  casing,  and  the  whole  placed 
over  a  gas-lamp  or  other  source  of  heat,  moist  air  and  steam 
escaping  by  appropriate  apertures.  Desiccation  at  higher 
temperatures  than  the  boiling-point  of  water  may  be  practised 
bv  using  oil  or  paraffin  instead  of  water,  inserting  a  ther- 
mometer in  the  fat.  The  apparatus  may  be  purchased  ot 
any  maker  of  chemical  instruments. 

Pure  distilled  water  must  be  used  in  all  quantitative  deter- 
minations. 

Note— la  practising  the  operations  of  quantitative 
analysis,  experiments  should  at  first  be  conducted  on 
definite  salts  of  known  composition,  for  the  accuracy  ot 
results  may  then  be  tested  by  calculation. 

Estimation  of  potassium  in  the  form  of  double  chloride  of 
potassium  and  platinum. -Select  two  or  three  crystals  of 
pure  nitrate  of  potassium,  powder  them  in  a  clean  mortar, 
drv  the  powder  by  gently  heating  in  a  porcelain  crucible  over 
a  flame  for  a  few  seconds,  place  about  a  couple  of  decigrammes 
(0-2  grm  )  of  the  powder  in  a  counterpoised  watch-glass, 
accurately  weigh  the  selected  quantity,  transfer  to  a  small 
dish,  letting  water  from  a  wash-bottle  flow  over  the  watch- 
glass  and  run  into  the  dish,  warm  the  dish  till  the  nitrate  is 
dissolved,  acidulate  with  hydrochloric  acid,  add  excess  of 
aqueous  solution  of   perchloride  of  platinum  (a  quantity 
containing  about  04  of  solid  salt),  evaporate  to  dryness  ovei 
a  water-bath.    While  evaporation  is  going  on,  place  a  nltei 
and  the  weighing-tubes  in  the  water-oven,  exposing  them  to 
a  temperature  of  100°  0.  for  about  half  an  hour    old  the 
filter  and  insert  it  in  the  tubes,  place  them  on  a  plate  unde 
a  elass  shade,  and  when  cold  accurately  note  their  weight. 
Arrange  the  'weighed  filter  in  a  funnel  over  a  beaker. 
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Transfer  the  dried  and  cooled  platinum  salt  from  the  dish 
to  the  filter  by  moistening  the  residue  with  the  mixture  of 
alcohol  and  ether  and,  when  the  salt  is  loosened,  pouring  the 
contents  of  the  dish  into  the  paper  cone.  Any  salt  still 
adhering  may  be  freed  by  the  finger,  which,  together  with 
the  dish,  should  be  washed  in  the  stream  of  spirit,  the  rins- 
ings at  once  flowing  into  the  filter.  The  filtrate  should  have 
a  yellowish-brown  colour,  due  to  the  excess  of  perchloride  of 
platinum.  If  it  is  colourless,  an  insufficient  amount  of  per- 
chloride has  been  added,  and  the  whole  operation  must  be 
repeated.  The  washed  precipitate  and  filter  are  finally  dried 
in  the  water  oven,  folded  and  placed  in  the  weighing-tubes, 
the  drying  and  weighing  when  cold  being  repeated  until  the 
whole  ceases  to  alter  ;  the  final  weight  being  noted. 

Desiccators. — Highly  dried  substances  are  very  hygro- 
scopic, hence  before  being  weighed  should  be  cooled  under  a 
bell-jar  which  also  encloses  a  vessel  containing  sulphuric 
acid  or  chloride  of  calcium — a  desiccator'.  (If  filters  are  not 
freed  from  all  traces  of  acid  by  thorough  washing,  the  paper 
will  be  brittle  when  dry,  falling  to  pieces  on  being  folded.) 

Analytical  memoranda  may  have  the  following  form  : — 

Watch-glass  and  substance  

Watch-glass   

Substance  .  

Weighing-tubes,  filter,  and  Pt.  salt  

Weighing  tubes  and  filter   

PtCl4,  2KC1.  ~ 


The  calculations  are  simple  : — 

=484K8C1)  is  to{  2S°23  }' 

(    the  weight  of  ~) 
so-J  double  chloride  >  is  equivalent  to  x. 
(.      obtained  ) 

x  will  be  the  amount  of  pure  nitrate  of  potassium  in  the 
quantity  of  substance  operated  on.  x  should  in  the  present 
instance  be  identical  with  the  weight  of  substance  taken, 
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because,  for  educational  purposes,  pure  nitre  is  under  ex- 
amination. Only  after  analyses  of  pure  substances  have 
yielded  the  operator  results  practically  identical  with  those 
by  calculation,  can  analyses  of  substances  of  unknown  de- 
gree of  purity  be  undertaken  with  confidence.  A  table  of 
atomic  weights,  from  which  to  find  molecular  weights,  is 
given  in  the  Appendix.    01  =  35-5,  or,  more  exactly,  35-4. 

Platinum  Residues  should  be  preserved,  and  the  metal 
recovered  from  them  from  time  to  time  {vide  p.  288). 

Hot  alcohol  sometimes  reduces  perchloride  of  platinum, 
the  metal  being  thrown  out  of  solution  m  a  finely  divided 
form,  known  as  platinum  black ;  only  aqueous  solutions, 
therefore,  of  the  salt  should  be  used  where  heat  is  employed. 
Hence,  also,  in  washing  out  excess  of  perchloride  of  platinum 
from  the  double  chloride  of  platinum  and  potassium  by  spirit, 
the  application  of  heat  should  be  avoided. 

Effervescing  Potash-water  {Liquor  Potassaz  Efervescens, 
B  P )  is  most  easily  estimated  volumetrically  (p.  748).  Any 
adulteration  by  an  equivalent  amount  of  bicarbonate  of 
sodium  would,  however,  by  that  process  be  undetected , 
hence  the  Pharmacopoeia  directs  that  "five  fluid  ounces  eva- 
porated to  one-fifth  and  12  grains  of  tartaric  acid  added 
yield  a  crystalline  precipitate,  which  when  dried  we^te  not 
less  than  12  grains/'    Five  fluid  ounces  of  this  preparation 
C  d  contain  V5  grains  of  bicarbonate  convertible  m to 
14-1  grains  of  acid  tartrate  of  potassium  by  11-25  g ,  ains  of 
tartaric  acid.    The  method  is  somewhat 
efficient  for  »  potash-water"  containing  nothing  but  bicar- 
bonate of  alkali-metals. 

Proportional  Weights  of  Equivalent  Quantities  of  Potassium 

and  its  Salts. 

v  ....  78 

Metal   un  94 

Oxide  ("Potash")  .    .    •    •    •  **0   •  ■    •  • 

Hydrate  ("Caustic  Potash")    .  2KHO  .    •  13g 

Carbonate  fanhydrous|    .    .    .  ^3  •    •    •    •  • 

Carbonate  (crystalline)    .    .    •  W 10/ Aq. 

Bicarbonate   2KNO  '    '        ■  202 

Nitrate"  salt'  ptci4>oi.  .  .  .  ^ 


Platinum 
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SODIUM. 

Sodium  is  usually  estimated  as  sulphate.  Accurately 
weigh  a  porcelain  crucible  and  lid,  place  within  about  "3  of 
pure  rock-salt,  and  again  weigh,  making  a  memorandum  of 
the  weights  in  a  note-book.  Add  rather  more  strong  sul- 
phuric acid  than  may  be  considered  sufficient  to  convert  the 
chloride  into  acid  sulphate  of  sodium.  Heat  the  crucible 
gradually,  the  flame  being  first  directed  against  the  side  of 
the  crucible  to  avoid  violent  ebullition,  until  fumes  of  acid 
cease  to  be  evolved,  towards  the  end  of  the  operation  drop- 
ping in  one  or  two  fragments  of  carbonate  of  ammonium  to 
facilitate  complete  expulsion  of  all  excess  of  acid.  When 
cold,  weigh  the  crucible  and  contents.  The  weight  of  the 
crucible  having  been  deducted,  the  amount  of  sulphate  ob- 
tained should  be  the  exact  equivalent  of  the  quantity  of 
chloride  of  sodium  employed. 

2NaCl  +  H2S04  =  NasS04  +  2H01. 

116-8  142 

Proportional  Weights  of  Equivalent  Quantities  of  Sodium 

and  its  Salts. 

Metal   Na2  

Oxide  ("  Soda ")   Na20  .... 

Hydrate  ("Caustic  Soda")     .  2NaHO    .    .  . 

Carbonate  (anhydrous)  .    .    .  Na2C03    .    .  . 

Carbonate  (crystals)  ....  Na2CO3,10H2O  . 

Bicarbonate   2NaHC03     .  . 

Chloride   2NaCl  .... 

Sulphate  (anhydrous)    .    .    .  Na2S04    .    .  . 

Sulphate  (crystals)    ....  Na2SO4,10H2O  . 

AMMONIUM. 

Salts  of  ammonium  are,  for  purposes  of  quantitative 
analysis,  generally  converted  into  the  double  chloride  of 
ammonium  and  platinum  (PtCl42NH4Cl),  the  details  of 
manipulation  being  the  same  as  thos*e  observed  in  the  case 
of  potassium  (p.  774).  About  0-15  grm.  of  pure,  white,  dry, 
chloride  of  ammonium  may  be  taken  for  experiment. 


46 

62 

80 
106 
286 
168 
116-8 
142 
322 
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Composition  of  the  Platinum  Salt. 

In  1  molec.  wt.  In  100  parts. 

Pt  .  .  .  .  194-4  .  .  .  194-4  ....  43-903 
Cl„  ...  35-4x6  .  .  .  212-4  ....  47-967 
N2.  .  .  .  14-0x2  ...  28  ....  6-324 
H8     .    .    .       1-0x8    ...       8      .    .    .    .  1-806 


442-8  100-000 


In  1  molec.  wt.  In  100  parts, 

or,  PtCl4  ...    336  ...    336      ....  75-88 

2NH4C1  .    .     53-4x2    .    .    .    106-8    ....  24-12 

442-8  100-00 


The  proportion  of  nitrogen,  ammonium,  or  chloride  of 
ammonium  in  the  double  chloride  may  also  be  ascertained 
from  the  weight  of  platinum  left  on  igniting  the  double 
chloride ;  indeed,  this  operation  must  be  performed  if  any 
variety  of  ammonium  other  than  the  ordinary  hydrogen 
ammonium  may  be  present.  The  heat  must  be  applied  slowly, 
or  platinum  will  be  mechanically  carried  off  with  the  gaseous 
products  of  decomposition. 

Proportional  Weights  of  Equivalent  Quantities  of 
Ammoniacal  Compounds. 

Ammonia  (gas)  2NH3  34 

Ammonium  (NH4)2  ?  3" 

Chloride  of  ammonium     .    .    2NH4G1  106-8 

Platinum  salt   PtCl4)2NH4Cl  .    .    .  442-8 

"  Carbonate  of  ammonium  "  .  (N3HnC205)  ^-3x2   .  104-7 

Sulphate  of  ammonium    .    .  (NH4)2S04  ....  132 


BARIUM. 

Barium  is  estimated  in  the  form  of  anhydrous  sulphate  of 
barium  (BaSOJ.    Ba  =  186-8. 

'  Process.— Dissolve  0-3  or  0-4  of  pure  crystallized  and  dried 
chloride  or  nitrate  of  barium  in  about  half  a  litre  of  water  in 
a  beaker,  heating  to  incipient  ebullition,  and  slightly  acidu- 
lating with  hydrochloric  or  nitric  acid.  Add  diluted  sulphuric 
acid  (prepared  some  days  previously,  so  that  sulphate  of  lead 
may  have  deposited)  so  long  as  a  precipitate  forms,  keep  the 
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mixture  hot  for  some  time,  set  aside  for  half  an  hour,  pass 
the  supernatant  liquid  through  a  filter,  gently  boil  the  residue 
twice  or  thrice  with  acidulated  water ;  finally  collect  the  pre- 
cipitate on  the  filter,  removing  ahherent  particles  from  the 
beaker  by  the  finger,  and  cleansing  by  a  stream  of  hot  water 
from  the  wash-bottle.  The  precipitate  must  be  washed  with 
hot  water  until  the  filtrate  ceases  to  turn  litmus-paper  red,  or 
give  any  cloudiness  when  tested  with  chloride  of  barium. 
The  filter  and  sulphate  of  barium,  having  thoroughly  drained, 
is  dried  in  a  warm  place,  commonly  by  supporting  the  funnel 
in  an  inverted  bottomless  beaker  over  a  sand-bath  or  hot 
plate. 

The  sulphate  of  barium  is  now  removed  from  the  filter, 
heated  to  drive  off  every  trace  of  moisture,  and  weighed. 
This  is  accomplished  by  placing  a  weighed  porcelain  crucible 
(and  cover)  on  a  sheet  of  glazed  paper,  holding  the  filter  over 
it,  and  carefully  transferring  the  precipitate  ;  the  sides  of  the 
filter  are  then  gently  rubbed  together  and  detached  powder 
dropped  into  the  crucible,  the  paper  folded,  encased  in  two  or 
three  coils  of  one  end  of  a  platinum  wire,  and  burnt  over  the 
crucible,  ash  and  any  particles  on  the  sheet  of  paper  dropped 
into  the  sulphate  of  barium,  the  open  crucible  exposed  over 
a  flame  till  its  contents  are  quite  white,  covered,  cooled,  and 
weighed. 


Formulse.  Molecular 
Weights. 

Chloride  of  barium  ....    BaCl2,2H90    .    .    .  243-6 

Nitrate  of  barium    ....    Ba2N03    260-8 

Sulphate  of  barium  ....    BaS04    232-8 


Composition  of  Sulphate  of  Barium. 

In  1  In  100 

molec.  wt.  parts. 

Ba   136-8       .    .    .    136-8    .    .    .  58-77 

S    32         .    .    .      32      .    .    .  13-73 

04    16x4    ..    .     64      ...  27-50 


232-8  100-00 


In  the  first  four  or  five  educational  experiments  it  is  not 
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essential  to  take  filter-ash  into  account.  Mistakes  of  manipu- 
lation due  to  inexperience  may  cause  far  greater  errors. 

CALCIUM. 

Calcium  is  usually  thrown  out  of  solution  in  the  form  of 
oxalate,  the  precipitate  ignited,  and  the  resulting  carbonate 
weighed. 

Process. — Dissolve  0'3  or  0-4  of  dried  colourless  crystals  of 
calc-spar  in  about  a  third  of  a  litre  of  water  acidulated  with 
hydrochloric  acid,  heat  the  solution  to  near  the  boiling-point, 
add  excess  of  solution  of  oxalate  of  ammonium,  then  ammonia 
until,  after  stirring,  the  liquid  smells  strongly  ammoniacal ; 
set  aside  in  a  warm  place  for  twelve  hours.  Carefully  pour 
off  the  supernatant  liquid,  passing  it  through  a  filter ;  add 
hot  water  to  the  precipitate,  set  aside  for  half  an  hour,  again 
decant,  and,  after  once  more  washing,  transfer  the  precipitate 
to  the  filter,  allowing  all  contained  fluid  to  pass  through  be- 
fore a  fresh  portion  is  added.  Wash  the  precipitate  with  hot 
water,  avoiding  a  rapid  stream,  or  the  precipitate  may  be 
driven  through  the  pores  of  the  paper.  Dry,  transfer  to  a 
weighed  crucible,  and  incinerate,  as  described  for  sulphate  of 
barium,  and  slowly  heat  the  precipitate  till  the  bottom  of  the 
crucible  is  just  visibly  red  when  seen  in  the  dark.  As  soon 
as  the  residue  is  white  or  only  faintly  grey,  remove  the  lamp, 
cool,  and  weigh. 

The  resulting  carbonate  of  calcium  should  have  the  same 
weight  as  the  calc-spar  from  which  it  was  obtained.  If  loss 
has  occurred,  carbonic  acid  gas  has  probably  escaped.  In  that 
case  moisten  the  residue  with  water,  and  after  a  few  minutes 
test  the  liquid  with  red  litmus  or  turmeric  paper;  if  an 
alkaline  reaction  is  noticed,  it  is  due  to  the  presence  of  caustic 
lime.  Add  a  small  lump  of  carbonate  of  ammonium,  evaporate 
to  dryness  over  a  water-bath,  and  again  ignite,  this  time 
being  careful  not  to  go  beyond  the  prescribed  temperature. 
The  treatment  may,  if  necessary,  be  repeated. 
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Proportional  Weights  of  Equivalent  Quantities  of  Calcium 

and  its  Salts. 


Metal   Ca  40 

Oxide  (quicklime)     .     .  CaO  56 

Hydrate  (slaked  lime)    .  Ca2HO  74 

Carbonate     ....  CaC03  100 

Sulphate  (anhydrous)     .  CaS04  136 

Sulphate  (crystalline 

or  precipitated)     .     .  CaS04,2H20      .     .     .  .172 

Chloride   CaCl2  110-8 

Phosphate  (of bones).     .  (Ca32P04)^3    .     .     .  .103-3 


MAGNESIUM. 

Process  l.—The  light  or  heavy  carbonate  of  magnesium 
of  pharmacy  may  be  estimated  by  heating  a  weighed  quantity 
to  redness  in  a  porcelain  crucible.  If  it1  has  the  composition 
indicated  by  the  formula  given  in  the  British  Pharmacopoeia 
(3MgC03,  Mg2HO,  4H20),  it  will  yield  42  per  cent,  of  mag- 
nesia (MgO).  According  to  that  work,  the  purity  of  even 
sulphate  of  magnesium  (MgS04,7H30)  may  be  determined 
by  boiling  a  weighed  quantity  with  excess  of  carbonate  of 
sodium,  collecting  the  precipitate,  washing,  drying,  igniting, 
and  weighing  the  resulting  magnesia  (MgO).  The  crystal- 
lized sulphate  should  afford  16-26  per  cent,  of  oxide.  The 
official  solution  of  carbonate  of  magnesium  in  carbonic  acid 
water  {Liquor  Magnesii  Carhonatis,  B.P.)  should  yield  about 
four  grains  of  pure  oxide  of  magnesium  per  fluid  ounce. 

Process  2. — The  general  form  in  which  magnesium  is  pre- 
cipitated is  as  phosphate  of  ammonium  and  magnesium 
(MgNH4P04,6H20) ;  this,  by  heat,  is  converted  into  pyro- 
phosphate of  magnesium  (Mg2P207).  Accurately  weigh  a 
small  quantity  (04  to  05)  of  pure  dry  crystals  of  sulphate 
of  magnesium,  dissolve  in  two  to  three  hundred  cubic  centi- 
metres of  cold  water  in  a  beaker,  add  chloride  of  ammonium, 
ammonia,  and  phosphate  of  sodium  or  ammonium,  agitate 
with  a  glass  rod  (without  touching  the  sides  of  the  vessel,  or 
crystals  will  firmly  adhere  to  the  rubbed  portions),  and  set 
aside  for  twelve  hours.  Collect  on  a  filter,  wash  the  precipi- 
tate with  water  containing  a  tenth  of  its  volume  of  the 


782 


QUANTITATIVE  ANALYSIS. 


strongest  solution  of  ammonia,  until  the  filtrate  ceases  to  give 
a  precipitate  with  an  acidulated  solution  of  nitrate  of  silver. 
Dry,  transfer  to  a  crucible,  burn  the  filter  in  the  usual  way, 
heat  slowly  to  redness,  cool,  and  weigh. 

Proportional  Weights  of  Equivalent  Quantities  of 
Magnesium  Salts. 

Pyrophosphate.    .    Mg2P207   222 

Sulphate ....    2(MgS04,  7H.,0)   492 

Oxide  2(MgO)   80 

Official  carbonate  .  (3MgC03)  Mg2HO,  4H20)-=-2    .  191 

ZINC. 

Zinc  is  usually  estimated  as  oxide  (ZnO),  occasionally  as 
sulphide  (ZnS).  Zn=64-9. 

Process. — Dissolve  a  weighed  quantity  (05  to  0-6)  of  sul- 
phate of  zinc  in  about  half  a  litre  of  water  in  a  beaker,  heat 
to  near  the  boiling-point,  add  carbonate  of  sodium  in  slight 
excess,  boil,  set  aside  for  a  short  time  ;  pass  the  supernatant 
liquid  through  a  filter,  gently  boil  the  precipitate  with  more 
water,  again  decant ;  repeat  these  operations  two  or  three 
times ;  collect  the  precipitate  on  the  filter,  wash,  dry,  transfer 
to  a  crucible,  incinerate,  ignite,  cool,  and  weigh.  286'9 
(  =  molec.  weight)  of  sulphate  should  yield  80'9  (  =  molec. 
weight)  of  oxide. 

MANGANESE. 

To  ascertain  its  value  for  evolving  chlorine  from  hydro- 
chloric acid,  a  weighed  quantity  of  finely  powdered  black 
oxide  of  manganese  is  heated  in  a  small  flask  with  pure 
hydrochloric  acid  (contained  in  an  inner  tube  as  for  "  oxa- 
lates "  and  "carbonates,"  p.  801),  and  the  resulting  chlorine 
conveyed  into  a  U-tube  containing  solution  of  iodide  of  potas- 
sium. {See  fig.  78.)  The  amount  of  iodine  thus  freed  is 
estimated  by  the  volumetric  solution  of  hyposulphite  of 
sodium.    126-6  of  iodine  indicate  35-4  of  chlorine. 

Manganese  may  also  be  ostimated  by  the  reaction  and 
apparatus  described  under  "  Oxalates,"  p.  802. 
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Fig.  78. 


ALUMINIUM. 

Aluminium  is  always  precipitated  as  hydrate  (Al26HO) 
and  weighed  as  oxide  (A1203). 

Process. — Dissolve  about  two  grammes  of  pure  dry  ammo- 
nium-alum in  half  a  litre  of  water,  heat  the  solution,  add 
chloride  of  ammonium  and  a  slight  excess  of  ammonia,  boil 
gently  till  the  odour  of  ammonia  has  nearly  disappeared,  set 
aside  for  the  hydrate  to  deposit,  pass  the  supernatant  liquid 
through  a  filter,  wash  the  precipitate  three  or  four  times  by 
decantation,  transfer  to  the  filter,  finish  the  washing,  dry, 
burn  the  filter,  ignite  in  a  covered  crucible,  cool,  and  weigh. 

AUS04,  K,S04,  24H20    948 

Al^SO.,,  (NH4)2S04,  24H20    906 

AL03   102 

Per  cent,  of  A1203  yielded  by  ammonium-alum    .  11-26 


QUESTIONS  AND  EXERCISES. 

Give  details  of  the  manipulations  observed  in  gravimetrically  esti- 
mating salts  of  potassium  or  of  ammonium. — -What  quantity  of  chloride 
of  sodium  is  contained  in  a  sample  of  rock-salt  0-351  of  a  gramme  of 
which  yields  0-426  of  sulphate  of  sodium?  Am.,  99-83  per  cent. — To 
what  amount  of  the  ammonium-alum  is  0-888  of  a  gramme  of  the  double 
chloride  of  platinum  and  ammonium  equivalent?  Am.,  1-817  gramme. 
— Find  the  weight  of  sulphate  of  barium  obtainable  from  0-522  of  nitrate? 
Am.,  0-466. — Describe  the  usual  method  by  which  salts  of  calcium  are 
estimated.— By  what  quantitative  process  may  the  official  salts  of  mag- 
nesium be  analysed  ? — Calculate  the  proportion  of  pure  sulphate  of  zinc 
in  a  sample  of  crystals  0-574  of  which  yield  0-161  of  oxide.  Ans.,  99-4 
per  cent. -  Ascertain  the  weight  of  alumina  (A1203)  which  should  be  ob- 
tained from  1-812  of  a  gramme  of  ammonium-alum. 
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IRON. 

Iron  and  its  salts  are  gravimetrically  estimated  in  the 
form  of  ferric  oxide  (Fe203). 

Compounds  containing  organic  acidulous  radicals  are 
simply  incinerated,  and  the  resulting  oxide  weighed.  Thus 
1  gramme  of  the  official  citrate  of  iron  and  ammonium  (Ferri 
et  Ammonii  Citras,  B.P.)  incinerated,  with  exposure  to  air, 
leaves  not  less  than  '27  of  ferric  oxide.    A  small  quantity  of 
the  salt  is  weighed  in  a  tared  covered  porcelain  crucible, 
flame  cautiously  applied  until  vapours  cease  to  be  evolved,  the 
lid  then  removed,  the  crucible  slightly  inclined  and  exposed 
to  a  red  heat  until  all  carbonaceous  matter  has  disappeared. 
The  residual  ferric  oxide  is  then  weighed.    The  tartrate  of 
potassium  and  iron  (Ferrum  Tartaratum,  B.P.)  is  treated  in 
the  same  manner,  except  that  the  ash  mast  be  washed  and 
again  heated  before  weighing,  in  order  to  remove  carbonate 
of   potassium  produced  during  incineration;   5  grammes 
should  yield  about  1'5  gramme  of  ferric  oxide. 

From  other  compounds  of  iron,  soluble  in  water  or  acid,  the 
metal  is  precipitated  in  the  form  of  hydrate  (Fe26HO)  by 
solution  of  ammonia,  and  converted  into  oxide  (Fe203)  by 
ignition.    Dissolve  a  piece  (about  0'2)  of  the  purest  iron 
obtainable  (piano-wire),  accurately  weighed,  in  water  acidu- 
lated with  hydrochloric  acid;  add  a  few  drops  of  nitric  acid, 
and  gently  boil ;  pour  in  excess  of  ammonia,  stir,  set  aside 
till  the  ferric  hydrate  has  deposited,  pass  the  supernatant 
liquid  through  a  filter,  treat  the  precipitate  three  or  four 
times  with  boiling  water  ;  transfer  to  the  filter,  wash  till  the 
filtrate  yields  no  trace  of  chlorine  (for  chloride  of  ammonium 
will  decompose  ignited  ferric  oxide,  with  volatilization  of 
ferric  chloride),  dry,  and  ignite  as  usual,  and  weigh.  Iron 
in  the  official  solutions  (Liquor  Ferri  Acetatis  Fortior,  Liqtior 
Ferri  Dialysatus,  Liquor  Ferri  Perchloridi  Fortior,  Liquor 
Ferri  Pernitratis,  and  Liquor  Ferri  Pcrsulphatis)  is  esti- 
mated by  this  general  process. 

The  Proportion  of  metallic  iron  in  a  mixture  of  iron  and 
oxides  of  iron  may  be  determined  by  digestion  in  a  strong 
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solution  of  iodine  and  iodide  of  potassium,  which  attacks  the 
metal  only.  The  reduced  iron  of  pharmacy  (Ferrum  Redactum, 
B.P.)  is  in  good  condition  so  long  as  it  contains,  as  shown 
by  this  method,  half  its  weight  of  free  metal. 

Another  Method. — Reduced  iron  is  converted  into  ferrous 
chloride  by  a  hot,  strong  solution  of  corrosive  sublimate,  while 
the  oxides  are  not  affected.  The  filtrate  may  be  treated 
gravimetrically  or  volumetrically  (Wilner). 

Proportional  Weights  of  Equivalent  Quantities  of  Iron  and 

its  Salts. 


Arsenic  (As303)  is  usually  estimated  volumetrically  (vide 
p.  762),  and  sometimes  arseniates  also  (vide  p.  734),  but  the 
latter  are  best  precipitated  as  a  lead  salt ;  an  "  aqueous  solu- 
tion of  12-4  grains  of  anhydrous  arseniate  of  sodium,  acidu- 
lated with  acetic  acid,  requires  not  less  than  34  grains  of 
acetate  of  lead  for  complete  precipitation."  With  certain 
precautions  arsenium  may  be  precipitated  and  weighed  as 
sulphide  (As2S3). 

Process  1.— The  pure,  white  arsenic  in  lump  (about  0-2)  is 
dissolved  in  a  flask  in  a  small  quantity  of  water  containing 
bicarbonate  of  sodium  or  potassium,  the  liquid  being  heated. 
A  slight  excess  of  hydrochloric  acid  is  then  added,  and  sul- 
phuretted hydrogen  gas  passed  through  the  solution  so  long 
as  a  precipitate  falls,  the  mouth  of  the  flask  being  stopped 
by  a  plug  of  cotton-wool  (to  prevent  undue  access  of  air  and 
consequent  decomposition  of  the  gas,  resulting  in  precipita- 
tion of  sulphur).  The  mixture  is  warmed  in  the  flask  and 
carbonic  acid  gas  passed  through  it  until  the  odour  of  sul- 
phuretted hydrogen  has  nearly  disappeared  ;  the  precipitate  is 

A.C.  .  3  E 


Metal 


Fe„  112 

FeiiO.,  160 

Fe*o6HO  214 

Fe."Clr,   324-4 

Fe^SO^  400 

2(FeSO^,7HoO)   .    .  556 


Ferric  oxide  . 
Ferric  hydrate. 
Ferric  chloride 
Ferric  sulphate 
Ferrous  sulphate 
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collected  on  a  tared  filter,  washed  as  quickly  as  possible  with 
hot  water  containing  a  little  sulphuretted  hydrogen,  dried 
in  a  water-oven,  and  weighed.  198  parts  of  arsenic  should 
yield  246  of  sulphide  of  arsenium. 

Process  2.— The  arsenium  must  be  present  in  the  arsenic 
condition.     If  the  operator  is  not  certain  that  this  is  the 
case,  the  solution  must  be  warmed  with  a  little  hydrochloric 
acid  and  a  few  grains  of  chlorate  of  potassium  added  until  a 
distinct  odour  of  chlorous  vapour  is  evolved— which  is  then 
allowed  to  escape  by  continued  application  of  heat.     To  the 
solution  thus  obtained  ammonia,  which  must  produce  no 
turbidity,  is  added  in  excess,  and  then  magnesia  mixture  (see 
under  "  phosphates,"  p.  803).    The  solution  is  set  aside  for 
24  or  48  hours.     The  precipitate  is  collected  on  a  filter  and 
washed  with  as  little  ammonia  water  (1  to  3)  as  possible 
until  the  filtrate  ceases  to  give  a  reaction  for  chlorides.  The 
precipitate  is  then  dried  on  the  filter,  the  precipitate  and 
filter-paper  burned,  and  the  whole  gently  ignited  m  a 
crucible,  and  weighed.     This  residue  is  pyroarseniate  of 
sodium  and  has  the  formula  Mg2As207. 


ANTIMONY. 


The  metal  is  precipitated  in  the  form  of  sulphide  (SbS3), 
with  the  precautions  observed  in  estimating  arsenium -a 
small  quantity  of  tartaric  acid,  as  well  as  hydrochloric,  being 
added  to  prevent  the  precipitation  of  an  oxysalt.   _  If  the 
sulphuretted  hydrogen  be  passed  through  a  hot  solution,  the 
particles  of  precipitate  aggregate  better  and  the  latter  may 
be  more  quickly  filtered  out  and  washed.     The  experiment 
mav  be  performed  on  about  half  a  gramme  of  pure  tartar- 
emetic;  the  salt  should  yield  nearly  ^^Tf^fr^ 
phide    According  to  Presenilis,  the  sulphide  dried  at  100  U. 
still  contains  2  per  cent,  of  water,  and  must  be  heated  in  a 
current  of  carbonic  acid  gas,  until  it  turns  from  an  orange 
to  a  black  colour,  before  all  moisture  is  expelled      In  the 
British  Pharmacopoeia  the  purity  of    tartar-emetic  {Ant* 
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monium  Tartaratum),  and  the  strength  of  solution  of  chloride 
of  antimony  (Liquor  Antimonii  Chloridi),  are  determined  by 
the  above  process.  Of  the  Antimonium  Sulphuratum,  B.P., 
it  is  stated  "  that  sixty  grains  moistened  and  warmed  with 
successive  portions  of  nitric  acid  until  red  fumes  cease  to  be 
evolved,  and  then  dried  and  heated  to  redness,  give  a  white 
residue  [Sb304]  weighing  about  40  grains." 

For  the  volumetric  estimation  of  antimony  in  antimonious 
salts,  see  p.  763. 

COPPER. 

Copper  is  precipitated  from  its  solutions  and  weighed 
either  (1)  as  metal  (Cu2),  or  (2)  as  oxide  (CuO). 

Process  1.— Dissolve  about  half  a  gramme  of  dry  crystal- 
lized sulphate  of  copper  in  a  small  quantity  of  water,  in  a 
tared  porcelain  crucible  or  breaker,  acidulate  with  hydro- 
chloric acid,  introduce  a  fragment  or  two  of  pure  zinc,  cover 
the  vessel  with  a  watch-glass,  and  set  aside  till  evolution  of 
hydrogen  has  ceased  and  the  still  acid  liquid  is  colourless. 
The  copper  is  then  washed  with  hot  water  by  decantation 
until  no  trace  of  acid  remains,  the  precipitate  drained,  rinsed 
with  strong  spirit  of  wine,  dried  in  the  water-oven,  cooled, 
and  weighed. 

Process  2. — From  a  solution  acidulated  by  sulphuric  acid 
and  placed  in  a  platinum  crucible  copper  may  be  entirely 
deposited  in  a  coherent  form  by  a  weak  current  of  electricity, 
the  crucible  being  connected  with  the  zinc  pole  of  the  bat- 
tery, a  platinum  spatula  suspended  in  the  solution  forming 
the  positive  pole.  The  crucible  may  afterwards  be  freed 
from  the  deposited  copper  by  nitric  acid. 

Process  3.— About  three-fourths  of  a  gramme  of  sulphate 
of  copper  is  accurately  weighed,  dissolved  in  half  a  litre  of 
water,  the  liquid  boiled  ;  dilute  solution  of  potash  or  soda  is 
then  added  till  no  more  precipitate  falls,  ebullition  continued 
for  a  short  time,  and  the  beaker  set  aside  ;  the  supernatant 
liquid  is  decanted,  the  precipitate  boiled  with  water  twice 
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or  thrice,  collected  on  a  filter,  washed,  dried,  transferred  to 
a  crucible,  the  filter  incinerated,  and  its  ash  moistened  with 
a  drop  of  nitric  acid;  the  whole  is  finally  heated  strongly, 
cooled,  and  weighed. 

249-3  parts  of  sulphate  of  copper  yield  79-3  of  oxide,  or 

63-3  of  metal.  7  ,  A 

Other  Processes.-Vide  Pharmaceutical  Journal  for  April 

3,  1880,  p.  801. 

BISMUTH. 

Dissolve  0-3  or  0-4  of  the  pure  oxycarbonate  of  bismuth 
(Bi202C03)o,H20  (Bismuthi  Carbonas,  B.P.)  in  a  very  small 
quantity  of  hydrochloric  acid,  dilute  with  water  slightly 
acidulated  by  hydrochloric  acid,  pass  excess  of 
hydrogen  through  the  liquid,  collect  the  precipitate  on  a 
ied  filter,  waslt,  dry  at  100°  C,  and  weigh.  The  su hplnde 
must  not  be  exposed  too  long  in  the  water-oven,  or  it  wi 

increase  in  weight  owing  to  ^^7°*°^^^^ 
should  be  tested  in  the  balance  every  ha  f-hour  d  ing  desic 
cation  519  of  oxycarbonate  should  yield  514  of  sulphide 
m  S  The  strength  of  the  official  solution  of  citrate  of 
SfiL  ammonium  »  Bismuthi  etA— 
Citratis,  B.P.)  is  determined  by  this  process.  Two  flu  d 
drachms  of  the  solution,  mixed  with  an  <^<*A^ 
water  and  treated  with  sulphuretted  hydrogen  m  excess, 

;:r;  l  v™^, — r —  ^ 

weighs  about  seven  grams.    One  fluid  draciim  yie 
Tains  of  oxide  of  bismuth."    Of  the  official  Citrate  o f  Bis 
mu  h  BP  it  is  stated  that  "  ten  grains  dissolved  m  solution 
rammBonPia  and  treated  with  s^t^y^n  excess 
vield  a  precipitate  which,  when  washed  and  dned,  weign 

trST h d^*  excess,  ^« 
which,  when  washed  and  dried '  ^.^0^^= 
grains."    The  atomic  weight  of  bismuth  is  208  it  oxyg 
16,  or  207-5  if  oxygen  =  15-96. 
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MERCURY. 

This  element  may  be  (1)  isolated  and  estimated  in  the 
form  of  metal,  or  precipitated  and  weighed  as  (2)  mercurous 
chloride,  or  (3)  mercuric  sulphide. 

Process  1. — The  process  by  which  the  metal  itself  is  sepa- 
rated is  one  of  distillation  into  a  bulb  surrounded  by  water. 
About  half  a  metre  of  the  difficultly  fusible  German  glass 
known  as  combustion-tubing  is  sealed  at  one  end  after  the 
manner  of  a  test-tube  (fig.  79) ;  a  mixture  of  bicarbonate  of 
sodium  and  dry  chalk  is  then  dropped  into  the  tube  to  the 
height  of  two  or  three  centimetres,  and,  next,  several  small 
fragments  of  quicklime  so  as  to  occupy  another  centimetre ; 
a  mixture  of  about  a  gramme  of  pure  calomel  or  corrosive 


Figs.  79,  80,  81. 


sublimate  with  enough  powdered  quicklime  to  occupy  10  or 
12  centimetres  of  the  tube  is  added,  then  the  lime-rinsings 
of  the  mixing-mortar,  a  layer  of  a  few  centimetres  of  pow- 
dered quicklime,  and,  finally,  a  plug  of  asbestos.  The  whole 
should  occupy  two- thirds  of  the  tube.  The  part  of  the  tube 
just  above  the  asbestos  is  now  softened  in  the  blowpipe- 
flame  and  drawn  out  about  a  decimetre  to  the  diameter  of  a 
narrow  quill  (fig.  80);  again  drawn  out  to  the  same  extent  at 
a  point  two  or  three  centimetres  nearer  the  mouth  (fig.  80) 
and  any  excess  of  tubing  cut  off.  The  bulb  thus  formed  may 
be  enlarged  by  softening  and  blowing.  The  tube  is  next 
softened  at  a  point  close  to  but  anterior  to  the  asbestos,  and 
bent  to  form  an  obtuse  angle  ;  the  tube  is  then  softened  close 
to  the  bulb  and  slightly  bent  so  that  the  bulb  may  be 
parallel  with  the  large  tube  ;  then  softened  on  the  other  side 
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of  the  bulb,  and  the  terminal  tube  bent  to  an  obtuse  angle 
so  that,  the  tube  being  held  in  a  horizontal  position,  the  bulb 
may  be  sunk  in  water,  and  the  terminal  tube  point  upwards 
(fig  81)     The  long  tube  is  now  laid  in  the  gas-furnace 
found  in  most  laboratories  (fig.  82),  a  basin  so  placed  that 
the  bulb  of  the  apparatus  may  be  cooled  by  being  surrounded 
by  water,  the  part  of  the  tube  occupied  by  asbestos  heated 
to  redness,  and  the  flame  slowly  lengthened  until  the  whole 
tube  is  red-hot.    Under  the  circumstances  just  described  the 
mercurial  compound  volatilizes,  is  decomposed  by  the  lime, 
and  its  acidulous  radical  fixed,  the  mercury  carried  m  vapour 
to  and  condensed  in  the  bulb,  the  carbonic  acid  gas  evolved 
from  the  bicarbonate  of  sodium  and  chalk  washing  out  the 


Fig.  82. 


D 1STILLATION  OF  MEBCUEr  FOR  QUANTITATIVE  PUHPOSES. 

last  portions  of  mercury-vapour  from  the  tube.  When  the 
SfiffiS  is  considered  to  be  complete  the  dish  o  wateris 
removed,  the  bulb  dried,  and  then  detached  b; jhdp of ^ ^ 
at  a  point  beyond  any  sublimate  of  mercury.  The dn *d _bulb 
is  weighed,  the  mercury  shaken  or  dissolved  out,  and  he 
ubTag'ain  dried  and  weighed  The  difference ;  between  he 
weiehts  gives  the  weight  of  the  mercury.  Ammomatea 
Suit"  B.P,  should  yield,  theoretically,  79-o2  per  cent., 
practicably  about  77-5  per  cent.,  of  metallic  mercury. 
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setting  the  mixture  aside  for  twelve  hours,  collecting  the 
precipitate  on  a  tared  filter,  washing,  drying  at  100°  C,  and 
weighing  (Rose).  The  experiment  may  be  tried  on  half  a 
gramme  to  a  gramme  of  corrosive  sublimate. 

Process  3. — Two  or  three  decigrammes  of  corrosive  subli- 
mate are  dissolved  in  water,  the  solution  acidulated  with 
hydrochloric  acid,  excess  of  sulphuretted  hydrogen  passed 
through  it,  the  precipitate  collected  on  a  tared  filter,  washed 
with  cold  water,  dried  at  100°  C,  and  weighed. 

Proportional  Weights  of  Equivalent  Quantities  of  Mercury 

and  its  Salts. 

Metal  Hg   200 

Mercurous  chloride     .    HgCl   235-4 

Mercuric  chloride  .    .    HgCl2   270-8 

Mercuric  sulphide  .    .    HgS   232 

LEAD. 

Lead  is  generally  estimated  either  as  (1)  oxide,  (2)  sul- 
phate, (3)  chromate,  or  (4)  metal. 

Process  1. — Weigh  out  one  or  two  grammes  of  pure  acetate 
of  lead  in  a  covered  crucible,  previously  tared,  and  heat 
slowly  until  no  more  vapours  are  evolved.  Remove  the  lid, 
stir  down  the  carbonaceous  mass  with  a  clean  iron  wire,  and 
keep  the  crucible  in  the  flame  so  long  as  any  carbon  remains 
unconsumed.  Introduce  some  fragments  of  fused  nitrate  of 
ammonium,  and  again  ignite  until  no  metallic  lead  remains 
and  all  excess  of  the  nitrate  has  been  decomposed.  Cool  and 
weigh  the  resulting  oxide  (PbO). 

Process  2.  — Dissolve  0-4  or  0'5  of  a  gramme  of  acetate  of 
lead  in  a  small  quantity  of  water,  drop  in  diluted  sulphuric 
acid,  add  to  the  mixture  twice  its  bulk  of  methylated  spirit  o'f 
wine,  and  set  aside.  Decant  the  supernatant  liquid,  collect 
the  sulphate  on  a  filter,  wash  with  spirit,  dry,  transfer  to  a 
porcelain  crucible,  removing  as  much  of  the  sulphate  as 
possible  from  the  paper,  inciuerate  on  the  crucible-lid  (not  in 
the  platinum  coil,  for  the  fused  particles  of  reduced  lead 
would  alloy  with  the  platinum),  ignite,  cool,  and  weigh. 
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Process  3.— About  half  a  gramme  of  acetate  of  lead  is  dis- 
solved in  two  or  three  hundred  c.c.  of  water,  acetic  acid 
added,  and  then  solution  of  red  chromate  of  potassium. 
Collect  the  precipitate  on  a  tared  filter,  wash,  dry  at  100°  C, 
and  weigh. 

Process  4.— In  certain  cases,  notably  in  that  of  commercial 
"  white  lead,"  the  lead  may  be  estimated  in  the  metallic  state 
by  means  of  cyanide  of  potassium.    The  lead  paint  (about  20 
grammes)  is  weighed  and  carefully  incinerated.    The  resi- 
due, a  mixture  of  metallic  lead  and  oxide  of  lead,  is  then 
mixed  with  several  times  its  bulk  of  cyanide  of  potassium 
and  the  whole  heated  to  fusion.    With  careful  manipulation 
the  lead  collects  in  one  globule,  which,  after  cooling,  may 
readily  be  separated  from  the  mixed  cyanide  and  cyanate 
and  weighed.    Commercially  pure  white  lead  should  yield  74 
per  cent,  of  lead. 

Proportional  Weights  of  Equivalent  Quantities  of  Lead  and 

its  Salts. 

AT  ,  .  Pb    206-4 

SSte-  :  :  :  :   '•        2H*°  •  •  •  XI 


Oxide  PJO 

Sulphate  Pb&A 

Chromate  1  oL,rU4 . 


222-4 
302-4 
3229 


SILVEE. 

Compounds  of  silver  which  are  readily  decomposed  by  heat 
are  estimated  in  the  form  of  (1)  metal,  others  usually  as  (2) 

chloride  (AgCl),  but  sometimes  as  W  °^dej^^ ,0) 
Process  l.-Heat  about  a  gramme  of  oxide  of  silvei  (Ag,U) 
in  a  tared  crucible,  cool,  and  weigh.    232  of  oxide  yie  d  216 
of  metal    "  29  grains  heated  to  redness  yield  27  grains 

^K3£  oTT'  0,  of  pure  dry  crystals  o. 
uiSTof  silver  in  water,  acidulate  with 
of  nitric  acid,  slowly  add -™S£ 
rm+il  no  more  precipitate  talis,    roui  uu  r 
Cid  thZgh  'a  filter,  wash  the  chloride  of  s.lver  once  o. 


GRAVIMETRIC  ESTIMATION  OF  SILVER.  793 

twice  with  hot  water,  transfer  to  the  filter,  complete  the 
washing,  and  dry.    After  removing  as  much  as  possible  of  the 
precipitate  from  the  paper  to  the  crucible,  burn  the  filter, 
not  in  a  wire  helix  but  on  the  inverted  lid  of  the  crucible, 
moisten  with  a  drop  of  nitric  acid,  warm,  add  a  drop  of 
hydrochloric  acid,  evaporate  to  dryness,  replace  the  lid  on 
the  crucible,  ignite  the  whole  until  the  edges  of  the  mass  of 
chloride  begin  to  fuse ;  cool,  and  weigh.    170  of  nitrate  yield 
143-4  of  chloride.    According  to  the  British  Pharmacopoeia, 
10  parts  of  nitrate  should  thus  yield  8-44  of  chloride,  and 
the  filtrate  from  the  chloride  evaporated  to  dryness  should 
leave  no  residue,  indicating  absence  of  nitrates  of  potassium 
or  sodium  and  other  similar  foreign  substances.    30  parts 
of  "  Mitigated  Caustic  "  (Argenti  et  Potassii  Nitras,  B.P.), 
similarly  treated,  give  8*44  parts  of  chloride  of  silver,  and 
the  filtrate  yields  nitrate  and  chloride  of  potassium  on  evapo- 
ration.   "  Toughened  Caustic,"  B.P.,  contains  5  per  cent,  of 
nitrate  of  potassium,  hence  10  parts  will  give  only  8  parts 
of  chloride  of  silver,  and  the  filtrate  will  yield  a  little  potas- 
sium salt.    10  of  silver,  if  pure  (Argentum  Picrificatum, 
B.P.),  will  give  13-285  of  chloride  of  silver. 

Process  3. — Cyanide  of  silver  may  be  collected  on  a  tared 
filter  and  dried  at  100°  C.  170  of  nitrate  yield  134  of 
cyanide.  Silver  and  its  salts  may  be  volumetrically  esti- 
mated by  a  standard  solution  of  chloride  of  sodium. 

Cupellation. — The  amount  of  silver  in  an  alloy  may  also  be 
determined  by  a  dry  method.  The  metal  is  folded  in  a  piece 
of  thin  sheet  lead,  placed  on  a  cupel  (cupella,  little  cup,  made 
of  compressed  bone-earth)  and  heated  in  a  furnace,  the  cupel 
being  protected  from  the  direct  action  of  the  flame  by  a  muff- 
shaped  or,  rather,  oven-shaped  case,  termed  a  muffle.  The 
metals  melt,  the  baser  become  oxidized,  the  oxide  of  lead 
fusing  and  dissolving  the  other  oxides ;  the  fluid  oxides  are 
absorbed  by  the  porous  cupel,  a  button  of  pure  silver  remain- 
ing. An  alloy  suspected  to  contain  95  per  cent,  of  silver 
requires  about  three  times  its  weight  of  lead  for  successful 
cupellation  ;  if  92|-  per  cent.  (English  silver  coin),  between 
five  and  six  times  its  weight  of  lead  is  necessary. 
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QUESTIONS  AND  EXEECISES. 

Explain  the  gravimetric  process  by  which  the  strength  of  the  officia 
solutions  of  ferric  chloride,  nitrate,  and  sulphate  are  determined  -Men- 
tion the  various  amounts  of  ferrous  and  feme  ^J^vliSe\ti 
parts  of  metai.-State  the  precautions  necessary  to  be  observed  jmh 
rnatinc  arsenium  or  antimony  in  the  form  of  sulphide.— In  what  torm  are 
&e  office  compounds  of  bismuth  weighed  for  quantitative .purposes £_ 
Give  an  outline5 of  the  process  by  which  mercury  may  be .isolate from 
Us  official  preparations  and  weighed  in  the  metal  he  ■ co  ndition. ,-Desc  nbe 
three  methods  for  the  quantitative  analysis  of ^S^0*.^^^^ 
weights  of  the  respective  precipitates,  opposing  0-56  of  ^^^^ 
tfltP  to  have  been  operated  on  in  each  case.— Describe  the  piocesses  dj 
vtcn silve ^estimated  in  the  forms  of  metal  chloride,  and  cyanide.- 
What  proportions  of  nitrate  of  silver  are  indicated  respectively,  by  15  of 
meta  ,  9  8 >  o  chloride,  and  8-1  of  cyanide  ?-Descnbe  cupellation. 


GRAVIMETRIC  ESTIMATION 
OF  THE  ACIDULOUS  RADICALS  OF  SALTS. 

CHLORIDES. 

Free  chlorine  (chlorine-water)  and  compounds  which  by 
action  of  acids  yield  free  chlorine  (Chlorinated  Lime  Ohloii- 
anated  Soda,  and'  their  official  Solutions)  are  — 
metrically  by  a  standard  solution  of  hyposulphite  of  sodium 
^  p  769V  The  amount  of  combined  chlorine  m  pur 
ct  Jes  HCLKaCl)  may  also  be  determined  by  volume  - 
Wvsis  with  a  standard  solution  of  nitrate  of  silvei  U>.  too,. 

of  chloride  of  silver,  the  operation  being  identical  with  that 
L"b°ed  for  si'lver  salt, ,  (p.  792)    58-4  P-ts^  pur, 
colourless,  crystallized  chloride  of  sodium  (rock-salt)  yie 
143-4  of  chloride  of  silver. 

IODIDES. 

Free  iodine  is  estimated  volumetrically  by  solution  of 
hyposulphite  of  sodium  (vide  p.  769).  _ 

Combined  iodine  is  determined  gravimetnoally in  the  h 
of  iodide  of  silver,  the  operations  being  conducted  as  with 
llo^silve,'  Iodide  of  potassium  may  be  used  for  an 
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experimental  determination:  KI=166  should  yield  Agl  = 
235.  Of  the  iodide  of  cadmium  (Cadmii  Iodidiom,  B.P., 
1867)  it  is  stated  that  "  ten  grains  dissolved  in  water,  and 
nitrate  of  silver  added  in  excess,  give  a  precipitate  which, 
when  washed  with  water  and  afterwards  with  half  an  ounce 
of  solution  of  ammonia,  and  dried,  weighs  12'5  grains." 

In  presence  of  chlorides  and  bromides  the  iodine  in  iodides 
may  be  precipitated  and  weighed  as  iodide  of  palladium. 

Moisture  in  iodine  is  estimated  by  loss  on  exposing  a 
weighed  quantity  of  iodine  in  a  capsule  over  a  dish  of  sul- 
phuric acid  under  a  small  bell  jar ;  or  by  adding  to  a  weighed 
sample  five  or  six  times  as  much  mercury,  or  twice  as  much 
zinc,  and  a  little  water,  drying  and  weighing.  The  product 
is  the  amount  of  metal  employed  plus  that  of  the  dry  iodine 
in  the  sample. 

BROMIDES. 

Free  bromine  may  be  estimated  by  shaking  with  excess  of 
solution  of  iodide  of  potassium,  and  then  determining  the 
equivalent  quantity  of  liberated  iodine  by  a  standard  solution 
of  hyposulphite  of  sodium  (p.  769). 

The  bromine  in  bromides  may  be  precipitated  and  weighed 
as  bromide  of  silver,  the  manipulations  being  the  same  as 
those  for  chloride  of  silver :  0-2  to  03  of  pure  bromide  of 
potassium  may  be  used  for  an  experimental  analysis. 

CYANIDES. 

The  hydrogen  cyanide  (hydrocyanic  acid)  is  usually  esti- 
mated volumetrically  {vide  p.  756). 

Prom  all  soluble  cyanides  cyanogen  may  be  precipitated 
by  nitrate  of  silver,  after  acidulating  with  nitric  acid,  the 
cyanide  of  silver  being  collected  on  a  tared  filter,  dried  at 
100°  C,  and  weighed. 

Of  the  official  Diluted  Hydrocyanic  Acid,  it  is  stated  that 
one  hundred  grains  (or  110  minims)  precipitated  by  solution 
of  nitrate  of  silver  yield  ten  grains  of  dry  cyanide  of  silver. 
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Silver  . 
Cyanogen 


Cyanide  of  Silver. 

In  1  molec.  wt. 
.  Ag  .  .  .  107-66  . 
.    CN   .    .    •    26-00  . 


In  100  parts. 
.  80-55 
.  19-45 


133-66 


100-00 


NITRATES. 

Nitrates  cannot  be  estimated  by  direct  gravimetric  analysis, 
none  of  the  basylous  radicals  yielding  a  definite  nitrate 
insoluble  in  water.  With  some  difficulty  they  may  be  deter- 
mined by  indirect  volumetric  methods. 


Fig.  83. 


ESTIMATION  03?  NITRATES. 

Process  -The  following  (Thorpe's)  method  depends  upon 
the  fact  (Gladstone  and  Tribe)  that  when  zinc  upon  which 
copper  is  deposited  in  a  spongy  form  is  boiled  with  water, 
hydrogen  is  evolved.    Thorpe  found  that  m  a  solution  con- 
taining nitrates  the  nascent  hydrogen  converts   he  whole  o 
the  nttrogen  of  the  nitrates  into  ammonia,  which  may  be 
ollected  and  estimated.     (The  oxygen  of  the  nitrate  is 
f  ultneously  converted  into  water,  the 
hvdrate  and  the  zinc  into  hydrate  of  zinc    The  power  « 
tne  co Xinc  couple  is  considered  to  depend  largely  on  the 
hydrogen  absorbed  by  the  finely  divided 

An  apparatus  such  as  shown  m  fig.  83  should  be  con 


GRAVIMETRIC  ESTIMATION  OF  NITRATES.  797 

structed.  A  flask  (about  100  c.c.)  is  fitted  with  a  clean 
sound  cork  perforated  for  a  delivery-tube,  which  should  be 
of  strong  glass  tubing  of  about  a  quarter-inch  bore,  and  for 
a  stoppered  funnel,  which  should  have  about  half  the  capacity 
of  the  flask.  The  whole  is  supported  by  a  clamp  or  on  wire- 
gauze.  The  outer  jar  shown  in  the  figure  should  have  a 
capacity  of  two  or  three  litres,  and  the  inner  receiving-jar 
should  be  capable  of  holding  200  c.c.  The  latter  is  fitted 
with  a  cork  perforated  for  the  delivery-tube,  and  perhaps  for 
another  tube  containing  fragments  of  glass  moistened  with 
acidulated  water  to  prevent  possible  loss  of  ammonia — though 
the  latter  tube  is  practically  found  to  be  almost  unnecessary. 
The  addition  of  washing-bottle  tubes  is  also  recommended 
as  convenient  for  obtaining  the  distillate  from  the  jar 
without  dismounting  the  apparatus  from  time  to  time. 

A  few  strips  of  clean  zinc  (granulated  zinc  recently  cleansed 
with  diluted  acid  is  best),  are  boiled  in  a  beaker  with  a  three 
per  cent,  solution  of  sulphate  of  copper,  the  operation  being 
repeated  with  a  fresh  portion  of  solution  until  an  adherent 
and  fairly  thick  coating  of  finely  divided  copper  is  deposited. 
The  pieces  of  metal  are  well  washed  and  introduced  into  the 
flask  which  is  then  half  filled  with  pure  water  free  from  am- 
monia. To  avoid  transference,  the  flask  itself  may  be  used 
instead  of  the  beaker.  The  funnel  also  of  the  apparatus  is 
filled  with  pure  water.  Water  is  now  placed  around  the 
inner  receiver  in  the  outer  jar,  and,  the  connections  being 
sound,  heat  is  applied  with  the  view  of  freeing  the  apparatus 
itself  from  any  trace  of  ammonia.  When  the  contents  of  the 
flask  are  evaporated  nearly  to  dryness,  pure  water  is  admitted 
from  the  funnel  until  the  flask  is  again  about  half  full  (the 
funnel  should  be  filled  again  at  once),  and  the  distillation 
carried  on  as  before.  This  must  be  repeated  until  no  further 
trace  of  ammonia  is  evolved,  when  the  apparatus  is  ready  for 
use.  On  each  occasion  that  the  apparatus  is  used  it  must 
be  freed  from  ammonia  in  this  way.  A  suitable  quantity  of 
the  substance  to  be  estimated  is  now  introduced  (in  the  case 
of  potable  waters  the  prepared  solid  residue  from  100  c.c.)  and 
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water  added,  if  necessary,  until  the  flask  is  half  full.  Heat 
is  now  applied  and  the  operation  conducted  in  the  manner 
already  described  until  ammonia  ceases  to  come  over — a  point 
which  usually  occurs  in  the  case  of  water-residues  when  the 
flask  has  been  twice  or  thrice  charged  with  water  and  the 
distillate  is  about  100  c.c.  The  warm  water  from  the  upper 
part  of  the  cooling-jar  may  be  removed  by  a  siphon  or  other- 
wise, cold  water  being  introduced  from  time  to  time. 

The  ammonia  being  all  evolved,  disconnect  the  flask  and 
receiver  simultaneously  (unless  washing-bottle  tubes  are 
fitted),  and  treat  the  contents  of  the  latter  by  the  Nessler 

method  described  on  page  745.  Urea  yields  but  traces 

of  ammonia  by  this  process ;  and  neither  the  sulphates  nor 

chlorides  of  the  alkali-metals  affect  the  result.  The 

method  is  only  applicable  to  highly  dilute  solutions  of  ni- 
trates, for  with  stronger  solutions  oxides  of  nitrogen  are 
formed  and  escape. 

SULPHIDES. 

Process  1. —  Soluble  sulphides  (H2S,NaHS,  e.g.)  may  be 
estimated  volumetrically  by  adding  to  the  aqueous  liquid  a 
measured  excess  of  an  alkaline  solution  of  arsenic  of  known 
strength,  neutralizing  by  hydrochloric  acid,  diluting  to  any 
given  volume,  filtering  off  the  sulphide  of  arsenium  pre- 
cipitated, taking  a  portion  of  the  filtrate  equal  to  a  half  or  a 
third  of  the  original  volume,  and,  after  neutralizing  by  acid 
carbonate  of  sodium,  estimating  the  residual  arsenic  by  the 
standard  iodine  solution  (vide  p.  762).  The  process  may  be 
tried  on  a  measured  volume  of  sulphuretted  hydrogen  (the 
weight  of  which  is  easily  calculated;  1  litre  of  hydrogen  = 
0-0896  gramme)  absorbed  by  a  strong  solution  of  soda  or 
potash. 

Process  2.— Sulphur  and  sulphides  may  also  be  quantita- 
tively analysed  by  oxidizing  to  sulphuric  acid  and  precipi- 
tating in  the  form  of  sulphate  of  barium.  A  couple  of  deci- 
grammes of  a  pure  metallic  sulphide  may  be  decomposed  by 
careful  deflagration  with  a  mixture  of  chlorate  of  potassium 
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and  carbonate  of  sodium,  the  product  dissolved  in  water, 
acidulated  with  hydrochloric  acid,  solution  of  chloride  of 
barium  added,  and  the  precipitated  sulphate  of  barium  washed 
and  collected  as  described  in  connection  with  the  estimation  of 
barium  (p.  779).  Many  sulphides  may  be  oxidized  in  a  flask 
by  chlorate  of  potassium  and  hydrochloric  acid,  and  then  pre- 
cipitated by  chloride  of  barium.  Experimental  determina- 
tions may  also  be  made  on  a  weighed  fragment  of  sulphur, 
about  Ol,  cautiously  fused  with  a  little  solid  caustic  alkali, 
and  the  product  oxidized  while  hot  by  the  slow  addition  of 
powdered  nitrate  or  chlorate  of  potassium,  or,  when  cold,  by 
treatment  with  chlorate  of  potassium  and  hydrochloric  acid, 
and  subsequent  precipitation  by  chloride  of  barium. 

Note. — Fusions  performed  by  help  of  a  gas-lamp  must  be 
carefully  conducted  ;  for  any  alkali  that  may  creep  over  the 
side  of  a  crucible  will  certainly  absorb  sulphurous  acid  from 
the  products  of  combustion  of  the  gas,  and  error  result. 

Process  3. — Soluble  sulphides  may  also  be  'treated  with 
excess  of  an  alkaline  arsenite,  arsenious  sulphide  then  be 
precipitated  by  the  addition  of  hydrochloric  acid,  and  the 
precipitate  collected  and  weighed  with  the  usual  precautions 
(vide  p.  785). 

Weights  of  Equivalent  Quantities  of  Sulphur  and  its 

Compounds. 

Sulphur   S  32 

Sulphuretted  hydrogen  .  H.,S  34 

Sulphate  of  barium  .    .  Ba,S04    ....  232-8 

Arsenious  sulphide    .    .  (As2S3)  -h  3  .    .    .  82 

Bisulphide  of  iron.    .    .  (PeS2)->2   ...  60 

Sulphide  of  lead  .    .    .  PbS   238-4 

SULPHITES. 

Sulphites  are  usually  estimated  volumetrically  by  a  stan- 
dard solution  of  iodine  (vide  p.  761).  Sulphites  insoluble  in 
water  are  diffused  in  that  menstruum,  hydrochloric  acid 
added,  and  the  iodine  solution  then  dropped  in. 

If  necessary,  sulphites  may  be  estimated  gravimetrically 
by  oxidation  and  precipitation  as  sulphate  of  barium. 
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SULPHATES. 

These  salts  are  always  precipitated  and  weighed  as  sulphate 
of  barium,  the  manipulations  being  identical  with  those  per- 
formed  in  the  determination  of  barium  by  means  of  sulphates 
{vide  p.  778).  The  purity  of  Sulphate  of  Sodium  (Soclu  Sul- 
phas, B.P.),  and  the  presence  of  not  more  than  a  given 
amount  of  'sulphuric  acid  in  Vinegar  (Acetum,  B.P.),  are 
directed,  in  the  British  Pharmacopoeia,  to  be  ascertained  by 
this  process.  Ten  grains  of  sulphate  of  sodium  yield  T16 
of  sulphate  of  barium.  Pive  ounces  of  vinegar  should  yield 
not  more  than  about  one-third  of  a  gramme  of  sulphate  oi 

barium.  ,,   ,  .  i 

Sulphates  may  be  estimated  volumetrically  by  a  seminormal 
solution  of  pure  chloride  of  barium,  BaCl2,2H.30 -244. 

The  amount  of  free  sulphuric  acid  or  hydrochloric  acid  m 
vinegar,  lemon  juice,  lime  juice,  etc,  may  also  be  ascertained 
volumetrically  by  adding  a  known  quantity  of  standard  solu- 
tion of  soda,  evaporating  to  dryness,  incinerating,  dissolving 
in  water,  and  by  standard  acid  estimating  the  quantity  o 
soda  still  remaining  free.   The  soda  lost  indicates  the  amount 
of  free  mineral  acid  (Hehner).    Thresh  first  estimates  the 
chlorine  in  a  sample  of  vinegar,  then  adds  a  known  addition 
amount  of  chlorine,  preferably  in  the  form  of  chlonde^f 
barium,  evaporates,  ignites,  treats  with  water,  adds  bicar- 
bonate of  sodium  to  remove  excess  of  barium,^ ft  tan,  and 
again  estimates  the  chlorine.    A  loss  of  70-8  of  chlorine  (Cl2) 
indicates  98  of  free  sulphuric  acid  (H2S04). 

The  method  of  estimating  free  sulphur lC  nitnc,  or  hydro- 
chloric acids,  proposed  by  Spence  and  Esilmar ,  is  Wed 
on  their  power  of  decolorizing  a  standard  solution  of  feme 
acetate. 

Proportional  Weights  of  Equivalent  Quantities  of  Sulphates. 

I  -.  an  .    .  9C 


The  sulphuric  radical.    .  SO., 
Sulphuric  acid  •    •    •    •    H»S04  •  • 

Sulphate  of  barium    .    .    iiahu4    .    •  • 
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ESTIMATION  OF 
CAHBOIfATJiS. 


CARBONATES. 

Carbonates  are  usually  estimated  by  the 
loss  in  weight  they  undergo  on  the  addi- 
tion of  a  strong  acid. 

Process  1. — A  small  light  flask  is  se- 
lected— of  such  a  size  that  it  can  be  con- 
veniently weighed  in  a  delicate  balance. 
Two  narrow  glass  tubes  are  fitted  to  the 
flask  by  a  cork- — the  one  straight,  extend- 
ing from  about  two  or  three  centimetres 
above  the  cork  to  the  bottom  of  the  flask, 
the  other  cut  off  close  to  the  cork  on  the  inside  and  curved 
outwards  so  as  to  carry  a  thin  drying-tube  horizontally  above 
the  flask  (see  fig.  84).  The  drying-tube  is  nearty  filled  with 
small  pieces  of  chloride  of  calcium,  a  plug  of  cotton-wool  pre- 
venting escape  of  any  fragments  at  either  end,  and  is  attached 
by  a  pierced  cork  to  the  free  extremity  of  the  curved  tube 
of  the  flask.  A  weighed  quantity  of  any  pure  soluble  car- 
bonate is  placed  in  the  flask,  a  little  water  added,  a  miniature 
test-tube  containing  sulphuric  acid  lowered  into  the  flask  by 
a  thread  and  supported  so  that  the  acid  may  not  flow  out, 
the  cork  inserted,  the  outer  end  of  the  piece  of  the  straight 
glass  tubing  closed  by  a  cap  or  a  fragment  of  cork,  and  the 
whole  weighed.  The  apparatus  is  then  inclined  so  that  the 
sulphuric  acid  and  carbonate  may  slowly  react ;  carbonic  acid 
gas  is  evolved  and  escapes  through  the  horizontal  tube,  any 
moisture  being  retained  by  the  chloride  of  calcium.  When 
effervescence  has  ceased,  the  gas  still  remaining  in  the  vessel 
is  sucked  out ;  this  is  accomplished  by  adapting  a  piece  of 
india-rubber  tubing  to  the  end  of  the  drying-tube,  removing 
the  small  plug  from  the  straight  tube,  and  aspirating  slowly 
with  the  mouth  for  a  few  minutes.  If  the  heat  produced  by 
the  action  of  the  sulphuric  acid  and  solution  is  considered 
insufficient  to  expel  all  the  carbonic  acid  from  the  liquid,  the 
plug  is  again  inserted  in  the  tube  and  the  contents  of  the 
flask  gently  boiled  for  some  seconds.   When  the  apparatus  is 
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nearly  cold,  more  air  is  again  drawn  through  it,  and  the 
whole  finally  weighed.  The  loss  is  due  to  carbonic  acid  gas 
(CO,),  from  the  weight  of  which  that  of  any  carbonate  is 
ascertained  by  calculation.  Carbonates  insoluble  in  water 
may  be  attacked  by  hydrochloric  instead  of  sulphuric  acid  ; 
granulated  mixtures  of  carbonates  and  powdered  tartaric 
or  citric  acids  by  enclosing  the  preparation  in  the  inner  tube 
and  placing  water  in  the  flask,  or  vice  versd.  The  apparatus 
also  may  be  modified  in  many  ways  to  suit  the  requirements, 
convenience,  or  practice  of  the  operator. 

Process  2.— Carbonates  from  which  carbonic  acid  gas  is 
evolved  by  heat  may  be  estimated  by  the  loss  they  experience 

on  ignition.  ,  , 

Process  3.-Free  carbonic  acid  gas  may  be  absorbed  by 
a  solid  stick  of  potash  or  strong  alkaline  solution,  the  loss  m 
volume  of  the  gas  or  mixture  of  gases  indicating  the  amount 
originally  present. 

Weights  of  Equivalent  Quantities  of  Carbonic  Acid  Gas 
and  certain  Carbonates. 

■  i  fin                .  44 

Carbonic  acid  gas   no'    '  -  62 

Carbonic  acid   H2C03    .    .  • 

Anhydrous  carbonate  of  sodium    .  Na2C03  .    .    .  u 

Crystalline  carbonate  of  sodium    .  Na2CO3,10H2O  28b 

Anhydrous  carbonate  of  potassium.  K2CO,    .    .    •  lj» 

Crystalline  carbonate  of  potassium  K2C03  +  16^Aq  164  28o 

Carbonate  of  calcium  CaC03    •    •  1 

OXALATES. 

Process  l.-The  oxalic  radical  is  usually  precipitated  in  the 
faS  oi  oxalate  of  calcium,  and  weighed  as  carbonate  h 
filiations  being  identical  with  those  observ  *m  *J 
estimation  of  calcium  {vide  p.  <80).     Ihe  ^P6"^"  J 
be  performed  on  0-3  or  0-4  of  a  gramme  of  pure  oxalic  acid,  126 

]a  nf  which  should  yield  100  of  carbonate  of  calcium. 
P  B roc els  2 ^otStOB  may  also  be  determined  by  oo~ 
of  *2 ^  acidulous  radical  into  carhop  acid  gas,  and  ob  ei- 
vation  of  the  weight  of  the  latter.    The  oxalate,  watei, 
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excess  of  black  oxide  of  manganese  are  placed  in  the  car- 
bonic-acid apparatus  (p.  801),  a  tube  containing  sulphuric  acid 
lowered  into  the  flask,  the  whole  weighed,  and  the  operation 
completed  as  for  carbonates.  From  the  following  equation  it 
will  be  seen  that  every  88  parts  of  carbonic  acid  gas  evolved 
indicates  the  presence  of  126  parts  of  crystallized  oxalic  acid 
or  an  equivalent  quantity  of  other  oxalate  : — 

Na2C204  +  Mn02  +  2H2S04  =  MnS04  +  Na2S04  +  2H20  +2C02 

The  black  oxide  of  manganese  used  in  this  experiment  must 
be  free  from  carbonates.  The  amount  of  materials  employed 
is  regulated  by  the  size  of  the  vessels. 

PHOSPHATES. 

Process  1. — From  phosphates  dissolved  in  water  the  phos- 
phoric radical  may  be  precipitated  and  weighed  in  the  form 
of  pyrophosphate  of  magnesium,  the  details  of  manipulation 
being  similar  to  those  observed  in  estimating  magnesium 
{vide  p.  781).  Half  a  gramme  or  rather  more  of  pure  dry 
crystallized  phosphate  of  sodium  may  be  employed  in  expe- 
rimental determinations.  The  official  phosphate  of  ammo- 
nium (Ammonii  Phosphas,  B.P.)  is  quantitatively  analysed 
by  this  method.  "If  twenty  grains  of  this  salt  be  dissolved 
in  water,  and  solution  of  ammonio-sulphate  of  magnesium  be 
added,  a  crystalline  precipitate  falls,  which,  when  well  washed 
upon  a  filter  with  solution  of  ammonia  diluted  with  an  equal 
volume  of  water,  dried,  and  heated  to  redness,  leaves  16-8 
grains."  Half  a  gramme,  or  less,  is  a  more  convenient  quan- 
tity if  the  operations  be  conducted  with  care.  Solution  of 
ammonio-sulphate  of  magnesium  (B.P.)  is  prepared  by  dis- 
solving 2  parts  of  sulphate  of  magnesium,  1  of  chloride  of 
ammonium,  and  1  of  solution  of  ammonia  (20-6  per  cent. 
NHtHO)  in  18  or  20  of  distilled  water ;  such  a  solution  is 
of  considerable  use  if  several  phosphoric  determinations  are 
about  to  be  made. 

Process  2.— Free  phosphoric  acid  is  most  readily  deter- 
mined as  phosphate  of  lead  (Pb32P04).   Of  the  official  (B.P.) 


§04  QUANTITATIVE  ANALYSIS. 

diluted  phosphoric  acid  it  is  stated  that  "355  grains  by 
weight  (or  73-8  of  the  official  'concentrated'  acid)  poured 
upon  180  grains  of  oxide  of  lead  in  fine  powder  leave  by 
evaporation,  a  residue  (principally  phosphate  cj  M^ 
after  it  has  been  heated  to  dull  redness,  weighs  215  5  grains. 
One-tenth  of  these  quantities  may  be  used  for  experimental 
purposes  ;  one  to  two  grammes  will  give  good  results.  lbe 
S  of  lead  must  be  quite  pure;  it  should  be^«™a* 
digesting  red  lead  in  warm  diluted  nitric  acid,  casting, 
drying,  and  heating  the  resulting  puce-coloured  plumbic 
oxSe'in  a  covered  poLlain  crucible.  The  increase  in  weight 
obtained  on  evaporating  a  given  amount  of  solution  of  phos 
nhoric  acid  with  a  known  weight  of  perfectly  pure  oxide  of 
Lad   PbO)may  ^  regarded  as  entirely  due  to  phosphoric 
anhvdride  P205) ;  3PbO  +  PsOB  =  Pb,2POi,  the  actual  reaction 
beS ^  3Pb02+2H3POi  =  Pb32P04  +  3H  0.    Prom  theseequa 
dons'  and  the  atomic  weights  (vide  Appendix  or  Table  on 
next  page),  the  percentage  of  phosphoric  acid  (H3P04) 
Ty  specimen  of  its  solution  may 

process  B.-The  strength  of 'pure  soluUon  of 

^htsl  ^^^^^ 

ShSi  »alf  a  ,-mmewith  hydrochloric 

filter  being  thoroughly  exhausted  by  water),  amm 
t0  the  filtrate  and  washings  i^  Bt  in! 

cloudy  precipitate  is  perceptible,  solution 
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dropped  in  until,  after  agitation  for  a  few  minutes,  the  opal- 
escence is  destroyed,  oxalate  of  ammonium  next  added,  the 
whole  warmed,  oxalate  of  calcium  removed  by  filtration,  and 
the  filtrate  concentrated  if  very  dilute,  the  liquid  treated 
with  citric  acid  in  such  quantity  that  ammonia  when  added 
in  excess  gives  a  clear  lemon-yelloio  solution  (Warington), 
magnesian  mixture  poured  in  (as  in  process  1),  and  the  pre- 
cipitate of  ammonio-magnesian  phosphate  collected,  washed, 
dried,  and  weighed,  as  already  described  in  connection  with 
the  estimation  of  magnesium. 

Relative  Weights  of  Equivalent  Quantities  of  Phosphoric 

Compounds. 


H3P04  . 

.  98 

Pyrophosphate  of  magnesium  . 

(Mg2P207 

=  222) 

4-2  = 

111 

(Pb32P04 

=  809-2) 

4-2  = 

404-6 

Phosphoric  anhydride    .    .  . 

(P2O5 

=  142) 

4-2  = 

71 

Phosphate  of  calcium     .    .  . 

(Ca32P04 

=  310) 

4-2  = 

155 

Superphosphate  of  calcium 

(CaH42P04 

=  234) 

4-2  = 

117 

QUESTIONS  AND  EXEKCISES. 

What  quantity  of  pure  rock-salt  is  equivalent  to  4-2  parts  of  chloride  of 
silver?  Am.,  1*71. — State  the  percentage  of  real  iodide  of  potassium 
contained  in  a  sample  of  which  8  parts  yield  10-9  of  iodide  of  silver. 
Ans.,  96-25.— What  is  the  strength  of  a  solution  of  hydrocyanic  acid  10 
parts  of  which,  by  weight,  yield  0-9  of  cyanide  of  silver  ?  Ans.,  1-81  per 
cent. — How  are  nitrates  quantitatively  estimated  ? —  By  what  processes  may 
the  strength  of  sulphides  be  determined  ? — How  much  real  sulphate  of 
sodium  is  contained  in  a  specimen  10  parts  of  which  yield  14-2  of  sulphate 
of  barium?  Ans.,  86-61  per  cent. — Give  details  of  the  operations  per- 
formed in  the  quantitative  analysis  of  carbonates. — What  amount  of 
carbonic  acid  gas  should  be  obtained  from  10  parts  of  acid  carbonate  (or 
bicarbonate)  of  potassium?  Ans.,  4-4  parts. — To  what  operation  and 
what  proportions  of  materials  does  the  following  equation  refer  ? 

Na.2Gj04  +  Mn02  +  2H,S04  =  MnS04  +  Na2S04  +  2H20  +  2COs. 
Explain  the  lead  process  for  the  estimation  of  phosphoric  acid  in  the 
official  solution. — State  the  amount  of  superphosphate  of  calcium  equi- 
valent to  7-6  parts  of  pyrophosphate  of  magnesium.    Ans.,  8-01  parts. 


SILICATES. 

Silica  (Si02)  may  be  separated  from  alkaline  silicates,  or 
from  silicates  decomposable  by  hydrochloric  acid,  by  digest- 
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ing  the  substance  in  hydrochloric  acid  at  a  temperature  of 
70°  to  80°  C.  until  completely  disintegrated,  evaporating  to 
dryness,  heating  in  an  air-bath,  again  moistening  with  acid, 
diluting  with  hot  water,  filtering,  washing,  drying,  igniting, 
and  weighing. 

ESTIMATION  OF  WATER. 

Water  and  other  matters  readily  volatilized  are  most 
usually  estimated  by  the  loss  in  weight  which  a  substance 
undergoes  on  being  heated  to  a  proper  temperature.  Thus,  m 
the  British  Pharmacopoeia,  crystalline  gallic  acid  (H3C7H305) 
H20)  is  stated  to  lose  9-5  per  cent,  of  its  weight  at  a  temper- 
ature of  100°  C,  oxalate  of  cerium  (Ce23C204,9H20)  52  per 
cent,  on  incineration,  carbonate  of  potassium  about  16  per 
cent,  on  exposure  to  a  red  heat,  sulphate  of  quinine 
(2CooHo4N202,H2S04,7H20)  15-2  per  cent,  at  100°  C  arsen- 
iate  of  "sodium  (Nai,HAs04,7H20)  40-38  per  cent,  at  149  C, 
carbonate  of  sodium  (Na3CO3,10H,O)  62-94  per  cent,  phos- 
phate of  sodium  (Na2HP04,12H20)  63  per  cent.,  and  sul- 
phate of  sodium  (Na2SO4,10H2O)  55-9  per  cent,  at  a  lou- 
red heat :  oxide  of  bismuth  heated  to  incipient  redness  is  not 
to  diminish  in  weight.    Ferric  oxyhydrate  "  yields  about  10 
per  cent,  of  moisture."  m  , 

Process.-One  or  two  grammes  of  substance  is  sufficient 
in  experiments  on  desiccation,  the  material  being  placed  m  a 
watch-glass,  covered  or  uncovered  porcelain  crucible,  or  other 
vessel,  according  to  the  temperature  to  which  it  is  to  be 

6XplSpidd  desiccation  at  an  exact  temperature  may  be  effected 
by  introducing  the  substance  into  a  tube  having  somewhat 
the  shape  of  the  letter  U,  sinking  the  lower  part  of  the  tube 
into  a  liquid  kept  at  a  definite  temperature  by  aid  of  a  ther- 
mometer, and  drawing  or  forcing  a  current  of  dry  air  slowly 
Lough 'the  apparatus.  Substances  liable  to  oxidation  may 
be  desiccated  in  a  current  of  dried  carbonic  acid  gas  The 
weights  of  the  U-tube  before  and  after  the  introduction  of 
the  salt,  and  after  desiccation,  give  the  amount  of  water 
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sought.  In  all  cases  the  material  must  be  heated  until  it 
ceases  to  lose  weight.  Occasionally  it  is  desirable  to  estimate 
water  directly  by  conveying  its  vapour  in  a  current  of  air 
through  a  weighed  tube  containing  chloride  of  calcium  and 
re-weighing  the  tube  at  the  close  of  the  operation ;  the  in- 
crease shows  the  amount  of  water. 

Note. — Highly  dried  substances  rapidly  absorb^  moisture 
from  the  air ;  they  must  therefore  be  weighed  quickly,  en- 
closed, if  possible,  in  tubes  (p.  748),  a  pair  of  clamped  watch- 
glasses,  or  a  crucible  having  a  tightly  fitting  lid. 

CARBON,  HYDROGEN,  OXYGEN,  NITROGEN. 

The  quantitative  analysis  of  animal  and  vegetable  sub- 
stances is  either  proximate  or  ultimate. 

Proximate  Quantitative  Analysis  includes  the  estimation 
of  water,  oil,  albumen,  starch,  cellulose,  gum,  resin,  alkaloids, 
acids,  glucosides,  ash.  It  requires  the  application  of  much 
theoretical  knowledge  and  manipulative  skill,  and  cannot 
well  be  studied  except  under  the  guidance  of  a  tutor.  One 
of  the  best  works  on  the  subject  is  by  Rochleder,  a  transla- 
tion of  whose  monographs  will  be  found  in  the  Pharma- 
ceutical Journal,  vol.  L,  2nd  ser.,  pp.  562,  610 ;  vol.  ii.,  2nd 
ser.,  pp.  24,  129,  160,  215,  274,  420,  478.  Another  is  by 
Prescott,  "  Outlines  of  Proximate  Organic  Analysis."  The 
fullest  is  by  Dragendorff,  translated  by  H.  GK  Greenish, 
"  Plant  Analysis." 

Ultimate  Quantitative  Organic  Analysis  can  only  be  success- 
fully accomplished  with  the  appliances  of  a  well-appointed 
laboratory — a  good  balance,  a  gas-furnace  (p.  790)  giving  a 
smokeless  flame  (7  or  8  centimetres  wide  and  70  or  80 
centims.  long),  special  forms  of  glass  apparatus,  etc.  The 
theory  of  the  operation  is  simple :  a  weighed  quantity  of  a  sub- 
stance is  burnt  to  carbonic  acid  gas  (C02  — 44)  and  water 
(H20  =  18),  and  these  products  collected  and  weighed;  12 
parts  in  every  44  of  carbonic  acid  gas  (  =  -rr)  are  carbon, 
2  in  every  18  of  water  (=£)  are  hydrogen  ;  nitrogen,  if  pre- 
sent, escapes  as  gas.  If  nitrogen  be  a  constituent,  a  second 
quantity  is  strongly  heated  with  a  mixture  of  the  hydrates 
of  sodium  and  calcium  ;  these  bodies  then  split  tip  into  oxides, 
oxygen,  and  hydrogen  ;  the  oxygen  burus  the  carbon  of  the 
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substance  to  carbonic  acid  gas,  its  hydrogen  and  nitrogen 
appearing  as  water  and  ammonia  respectively  ;  the  carbonic 
acid  and  water  are  disregarded,  the  ammonia  collected  and 
weighed  in  the  form  of  the  double  chloride  of  platinum  and 
ammonium  (PtCl4,2NH4Cl  =  442-8),  of  which  28  parts  in  every 
442-8  are  nitrogen.  The  difference  between  the  sum  of  the 
weights  of  hydrogen  and  carbon,  and  the  weight  of  sub- 
stance taken,  is  the  proportion  of  oxygen  in  the  body, 
supposing  nitrogen  to  be  absent.  If  nitrogen  is  present, 
the  difference  between  the  sum  of  the  percentages  of  carbon, 
hydrogen,  and  nitrogen,  and  100,  is  the  percentage  of  oxygen. 
Shortly,  carbon  is  estimated  in  the  form  of  carbonic  acid  gas, 
hydrogen  as  water,  nitrogen  as  ammonia,  and  oxygen  by 
difference. 

The  following  is  the  outline  of  the  necessary  manipula- 
tions .--The  source  of  the  oxygen  for  the  combustion  of 
carbon  and  hydrogen  is  black  oxide  of  copper  in  coarse 
powder.  200  or  300  grammes  of  this  material  are  heated  m  a 
crucible  to  low  redness  for  a  short  time  to  expel  every  trace  of 
moisture-then  transferred  to  store-tubes  (fig.  85)  resembling 

Fig.  85. 


test-tubes,  half  a  metre  long,  and  having  a  slightly  narrowed 
mouth,  the  tube  being  held  in  a  cloth  to  protect  the  hand 
while  the  hot  oxide  is  being  directly  introduced  into  the 
mouth  of  the  tube  by  a  scooping  motion.  As  soon  as  the 
well-corked  tube  is  cool,  the  oxide  is  poured,  portion  by  por- 
tion, into  a  similar  tube  (the  combustion-tube),  but  somewhat 
longer,  drawn  out  to  a  quill  (bent  upwards  nearly  to  a  right 
angle)  at  one  end,  and  not  constricted  at  the  mouth.  Two 
such  tubes  are  readily  made  by  softening  in  the  blowp.pe- 
flame  two  or  three  centimetres  of  the  central  part  o  a  tnbo 
about  a  metre  long,  and  drawing  the  halves  of  the  tube 
apart  as  shown  in  the  following  engraving  (fig.  86 ).  1  he 
tubes  are  separated  by  melting  the  glass  in  he  middteoUh 
ciuilled  portion.  A  few  decigrammes  of  used  « 
potassium  should  first  be  dropped  into  the  tube.    Aftei  ten 
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or  fifteen  centimetres  of  oxide  have  been  poured  in,  about  a 
decigramme  of  the  substance  to  be  analysed  is  dropped  down 
the  tube,  then  a  few  grammes  of  oxide,  then  another  deci- 
gramme of  substance,  then  more  oxide,  until  three  or  four 
decigrammes  of  the  body  under  examination  have  been  added. 
The  fifteen  or  twenty  centimetres  of  alternate  layers  are 
next  thoroughly  mixed  by  a  long  copper  wire  having  a  short 
helix :  more  oxide  is  introduced,  the  wire  cleansed  by  twist- 
ing the  helix  about  in  the  pure  oxide,  and  a  plug  of  dried 
asbestos  finally  placed  on  the  top  of  the  oxide  at  about  five 
centimetres  from  the  mouth  of  the  tube  ;  the  tube  is  then 
securely  corked  and  set  aside.  The  substance  operated  on 
may  be  pure  white  sugar,  powdered  and  dried ;  the  tube  in 
which  it  is  contained  is  weighed  before  and  after  the  re- 
ify. 86. 


moval  of  the  portions  for  combustion;  the  loss  is  thequantitj' 
employed  in  the  experiment.  The  combustion-furnace  may 
be  such  as  shov/n  on  page  790.  If  the  furnace  is  very  power- 
ful, or  the  combustion-tube  not  of  the  hardest  glass,  the  tube 
should  be  enclosed  in  wire-gauze,  the  elasticity  of  which  has 
been  destroyed  by  heating  to  redness.  If  the  substance 
under  experiment  contain  nitrogen,  the  plug  of  asbestos 
must  be  displaced  by  a  roll  of  copper  gauze,  which  serves  to 
reduce  any  oxides  of  nitrogen,  and  thus  ensure  the  escape  of 
nitrogen  itself — or  dry  yellow  chromate  of  potassium  may 
be  used  (Perkin).  The  water  produced  when  the  prepared 
tube  is  heated  is  collected  in  a  small  U-tube  containing  pieces 
of  chloride  of  calcium,  or  pumice-stone  moistened  with  sul- 
phuric acid  (fig.  87) ;  the  carbonic  acid  gas  in  a  series  of 
bulbs  (fig.  87)  containing  solution  of  potash  (sp.  gr.  about 
l-'27).   These  bulbs  may  be  purchased  at  any  apparatus-shop. 
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The  chloride-of-calcium  tube  is  fitted  by  a  good  cork  to  the 
combustion-tube,  the  potash-bulbs  by  a  short  piece  of  india- 
rubber  tubing  to  the  chloride-of-calcium  tube.  The  potash- 
bulbs  may  carry  a  short  light  tube  containing  a  rod  of  caustic 
potash  three  or  four  centimetres  long :  this  serves  to  arrest 
any  moisture  that  might  be  carried  away  from  the  solution 
of  potash  by  the  dried  expanded  air  which  escapes  during  the 
operation.  The  combustion-tube  having  been  placed  in  the 
furnace,  and  the  drying-tube  and  potash-bulbs  weighed  and 
attached,  the  gas  is  lit  under  the  asbestos,  and,  when  the  tube 
is  red-hot,  the  flame  slowly  extended  until  nearly  the  whole 
tube  is  at  the  same  temperature,  the  operation  being  con- 
ducted at  such  a  rate  that  bubbles  of  gas  escape  through  the 

Fig.  87. 


CHLOEIDE-OF-CALCIUM  TUBE  AND  POTASH-BULBS. 

potash-bulbs  at  about  the  rate  of  one  per  second.  When  no 
more  gas  passes,  the  extremity  of  the  tube  containing  the 
chlorate  of  potassium  is  gently  heated  until  oxygen  ceases 
to  be  evolved;  perfect  combustion  of  carbon  and  removal  of 
all  carbonic  acid  gas  is  thus  ensured.  The  heating  of  the 
chlorate  must  be  very  carefully  conducted,  or  the  evolution 
of  oxygen  may  become  sufficiently  rapid  to  blow  some  of 
the  fluid  out  of  the  potash-bulbs.  The  drying-tube  and 
bulbs  are  disconnected  and  weighed,  the  increase  m  weight 
due  to  carbonic  acid  gas  and  water  respectively  noted,  and 
the  percentages  of  carbon,  hydrogen,  and  (by  loss)  oxygen 
calculated.  This  method  is  that  of  Liebig,  with  modifica- 
tions by  Bunsen  :  good  combustion-furnaces  are  those  known 
as  Hofmann's,  Griffin's,  and  others.  _ 

Chromate  of  lead  can  be  used  for  combustions  in  place 
of  oxide  of  copper.  The  advantages  are  its  less  hygroscopic 
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nature,  and  the  greater  readiness  with  which  it  yields  its  oxy- 
gen to  organic  bodies  when  heated  with  them.    It  must  not, 
however,  be  used  with  bodies  containing  nitrogen,  since 
it  would  convert  so  large  a  proportion  of  the  nitrogen  into 
nitric  oxide  or  higher  oxide  of  nitrogen,  that  it  would  be 
necessary  to  use  an  inconveniently  long  layer  of  the  metallic 
copper  to  reduce  these  oxides  and  so  prevent  their  ab- 
sorption in  the  series  of  bulbs  containing  the  solution  of 
potash.    Organic  bodies,  however,  containing  sulphur,  brom- 
ine, iodine,  or  chlorine  are  burnt  with  advantage  by  means 
of  chromate  of  lead.    If  oxide  of  copper  were  used  with 
bodies  containing  sulphur,  it  would  be  necessary  to  place 
an  additional  tube  containing  peroxide  of  lead  between  the 
chloride-of-calcium  tube  and  the  potash-bulbs  in  order  to 
absorb  the  sulphurous  anhydride  formed ;  this  is  entirely 
obviated  by  using  chromate  of  lead,  which  itself  retains  the 
whole  of  the  sulphur.    Again,  if  bodies  containing  chlorine, 
iodine,  or  bromine  are  burnt  by  means  of  oxide  of  copper, 
then  volatile  chloride,  iodide,  or  bromide  of  copper  is  formed, 
and,  collecting  iu  the  chloride-of-calcium  tube,  vitiates  the 
result  with  regard  to  the  hydrogen  ;  by  using  chromate  of 
lead,  however,  the  chlorine,  iodine,  and  bromine  are  respec- 
tively retained  in  the  combustion-tube  as  chloride,  bromide, 
and  iodide  of  lead. 

In  order  to  render  the  chromate  fit  for  use,  it  is  first  fused 
and  poured  out  on  a  clean  iron  plate  ;  when  cool,  it  is  powdered 
and  heated  in  a  long  tube  throughout  its  whole  length,  while 
air,  dried  by  passing  through  chloride  of  calcium  or  strong 
sulphuric  acid,  is  drawn  over  it ;  when  the  colour  of  the 
chromate  changes  to  brown,  the  heat  can  be  withdrawn  and 
the  extremity  of  the  tube  farthest  from  the  drying-apparatus 
closed,  so  that  the  air  in  passing  into  the  tube  on  cooling  may 
be  quite  dry ;  when  cool,  the  drying-tube  is  removed,  and 
the  extremity  securely  corked ;  the  chromate  of  lead  is  then 
ready  for  direct  transference  to  the  combustion-tube. 

The  general  manipulations  for  substances  containing 
nitrogen  resemble  the  foregoing  so  far  as  the  use  of  a  com- 
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bustion-tube  and  furnace  and  collection  of  the  ammoniacal 
gas  are  concerned.  The  combustion-tube  must  be  quilled  at 
one  end,  and  about  a  third  of  a  metre  long.  The  soda-lime  is 
made  by  slaking  quicklime  with  a  solution  of  soda,  of  such  a  | 
strength  that  about  two  parts  of  quicklime  shall  be  mixed 
with  one  of  hydrate  of  sodium,  drying  the  product,  heating 
to  bright  redness,  and  finely  powdering ;  it  should  be  pre- 
served in  a  well-closed  bottle.  Some  of  the  soda-lime  is 
introduced  into  the  tube,  then  layers  of  substance  and  soda- 
88  lime,  mixture  effected   by  a  . 

ig'    '  wire,  a  good  layer  of  soda-lime 

added,  and  a  plug  of  asbestos.  { 
Bulbs  (fig.  88),  known  as  those 
of  Will  and  Varrentrapp  (the 
originators  of  the  method),  con-  \ 
taining  hydrochloric  acid  of 
about  25  per  cent.,  are  then 
nithogbn-bulbs.  fitted  by  a  cork,  and  the  tube 

heated  in  the  furnace-to  a  not  too  bright  red  heat,  or  some 
of  the  produced  ammonia  gas  may  be  decomposed  When 
gas  ceases  to  pass  and  combustion  is  considered  to  be  quite 
complete,  the  tube  is  allowed  to  cool  somewhat,  the  quill  is 
then  broken,  and  aspiration  continued  slowly  until  all  am 
xnoniacal  ga    may  be  considered  to  have  been  absorbed  by 
^  add     The  bulbs  are  disconnected,  the  r  con  ents  and 
rinsint  poured  into  a  small  dish,  solution  of  perchloride  of 
XaSmadded,  and  the  operation  complete as  in  the  est, 
mation  of  potassium  and  ammonium  salts  {Vide  pp.  J  <4  and 
777)     Or  the  ammonia  may  be  absorbed  by  a  known  quan- 
tity of  standard  sulphuric  acid,  of  which  the  residual ^excess 
^  estimated  by  a  standard  alkali ;  certain  obvious  calcula- 
tions then  giving  the  amount  of  ammonia  produced 

Conversion  into  ammonia  may  also  be  effected  by ^heatm 
the  substance  with  strong 

thoroughly  attacked,  with  permanganate  of  potassium  i^je 
lahT V  the  nitrogen  may  be  evolved  as  gas  by  heating 
with  oxide  of  copper  and  copper-turnings  (p.  809)  and 
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collected,  over  alkali,  and  its  volume,  and  thus  indirectly  its 
weight,  be  determined. 

Liquids  are  analysed  by  a  similar  method  to  that  adopted 
for  solids,  volatile  liquids  being  enclosed  in  small  bulbs 
having  a  long  quill.  These  are  weighed  previously  to  and 
after  the  introduction  of  the  liquid ;  just  before  being  drop- 
ped into  the  combustion-tube  the  quill  is  broken  Solids  are 
also  sometimes  similarly  burnt  from  a  small  boat  placed  in 
the  tube,  a  continuous  current  of  purified  air  being  used. 

Formula. — From  the  percentage  composition  of  an  organic 
substance  an  empirical  formula  may  be  deduced  by  dividing 
the  weight  of  each  constituent  by  its  atomic  weight,  and  con- 
verting the  product  into  the  simplest  whole  numbers;  a 
rational  formula  by  ascertaining  the  proportion  in  which  the 
substance  unites  with  a  radical  or  body  having  a  known  com- 
bining proportion,  etc.  (vide  pp.  458-462). 

Chlorine,  Bromine,  or  Iodine,  contained  in  an  organic  sub- 
stance may  be  estimated  by  heating  with  fuming  nitric  acid 
and  nitrate  of  silver  in  a  sealed  tube,  or  by  heating  to  red- 
ness a  given  weight  of  the  material  with  ten  times  as  much 
pure  lime  in  a  combustion- tube.  Chloride,  bromide,  or  iodide 
of  calcium  is  thus  produced.  "While  still  hot,  the  tube  is 
plunged  into  water,  the  mixture  of  broken  glass  and  powder 
treated  with  pure  diluted  nitric  acid  in  very  slight  excess  ; 
the  filtered  liquid  precipitated  by  nitrate  of  silver,  and  the 
chloride,  bromide,  or  iodide  of  silver  collected,  washed,  dried, 
cooled,  and  weighed. 

Sulphur,  Phosphorus,  and  Arsenium  in  organic  salts  may 
be  estimated  by  heating  with  fuming  nitric  acid  in  a  sealed 
tube,  or  by  gradually  heating  in  a  combustion-tube  1  part  of 
the  substance  with  a  mixture  of  10  parts  nitre,  2  dried  car- 
bonate of  sodium  (in  order  to  moderate  deflagration),  and 
20  chloride  of  sodium.  The  product  is  dissolved  in  water 
acidulated  by  nitric  acid,  the  sulphuric  radical  precipitated 
and  estimated  as  sulphate  of  barium,  the  phosphoric  and 
arsenic  radicals  as  ammonio-magnesian  phosphate  or  arse- 
niate. 

Limit  of  experimental  errors.  —  Two  determinations  of 
carbon  may  vary  to  the  extent  of  O'l  per  cent. ;  of  hydrogen, 
0-2;  of  nitrogen,  0'3. 
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QUININE,  ETC. 

Process  of  the  British  Pharmacopoeia  for  ascertaining  the 
amount  of  (1)  Quinine  with  Cinchomdme,  and  (2)  lotal 
Ik2ids{in  the  Succirubra  or  Red  Cinchona  Bark  (Cm- 
chono2  Rubra;  Cortex,  B.P.). 

1  For  Quinine  and  Cinchonidine.-Mix  200  grains  of  red 
cinchona  bark,  in  No.  60  powder,  with  60  grains  of  hydrate 
of  calcium  •  slightly  moisten  the  powders  with  half  an  ounce 
o  water  m  x  the  whole  intimately  in  a  small  porcelain 
dish  or  morL  ;  allow  the  mixture  to  stand  for  an  hour  or 
two  when  it  will  present  the  characters  of  a  moist,  dark- 
KZder,  in  which  there  should  be  no  lumps  or  visible 
whJe  particles.  Transfer  this  powder  to  a  six-ounce  flask, 
rid 3  fluid  ounces  of  a  mixture  of  3  volumes  of  commerc  al 
benzol  a^d  1  voTunie  of  amylic  alcohol  (<< benzolated  amyhc 
alcohol     B  P  ),  boil  them  together  for  about  half  an  hour, 

«rtife  beSriiojrtgo  Z 

b6n»^ 

than  a  small  quantity  of  the .boding  liquid-  Intro 
collected  filtrate  J^^^iSS  ^dSloric Icid, 

mixed  with  2  fluid  f  ha8  Uparated  this  may 

together,  and  w^n  ^he  acid   iqmd  ^  ^ 

be  drawn  oft,  and  tne  proces hJ  F  .,        u  the  wh0ie 

slightly  acidulated  with  hydrochlouc  acid  mit 

of  the  alkaloids  have  been  ™^ks  hW^ntoStes,  with 

obtained  will  contain  the  alkaloids  as  nydroon  , 

excess  of  hydrochloric  acid    It  is  to  be  caremny         ^  ^ 

neutralized  with  ammonia    and  then  c°nce  ^ 

bulk  of  3  fluid  drachms.    If  now  ^  ^ «    te    be  added 

ated  soda,  dissolved  m  twice  its  wng  ,  ^ 

to  the  neutral  tf^ochlorates  and  the  m xt  honidine 
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lected  on  a  filter,  washed,  and  dried,  will  contain  eight-tenths 
of  their  weight  of  the  alkaloids,  quinine  and  cinchonidine, 
which,  divided  by  2,  represents  the  percentage  of  those 
alkaloids.  The  other  alkaloids  will  be  left  in  the  mother- 
liquor. 

2.  For  Total  Alkaloids. — To  the  mother-liquor  from  the 
preceding  process  add  solution  of  ammonia  in  slight  excess. 
Collect,  wash,  and  dry  the  precipitate,  which  will  contain 
the  other  alkaloids.  The  weight  of  this  precipitate  divided 
by  2,  and  added  to  the  percentage  weight  of  the  quinine  and 
cinchonidine,  gives  the  percentage  of  total  alkaloids. 

Note. — If  it  is  desired  to  obtain  each  alkaloid  separately, 
the  above  process  may  be  modified  by  using  dilute  sulphuric 
instead  of  hydrochloric  acid  for  removing  the  alkaloids  from 
the  benzolated  amylic  alcohol,  and  exactly  neutralizing  with 
ammonia  while  kept  hot  on  a  water-bath  ;  on  cooling,  the 
quinine  will  crystallize  out  almost  completely  as  neutral 
sulphate.  The  cinchonidine  may  then  be  precipitated  from 
the  filtrate  by  tartarated  soda,  and,  after  its  removal,  quini- 
dine,  if  present,  by  iodide  of  potassium ;  finally,  cinchonine 
is  obtained  by  precipitating  the  filtrate  from  the  quinidine 
with  soda  or  ammonia. 

Extractum  Cinchona;  Liquidum,  B.P. — The  greater  por- 
tion of  the  alkaloids  of  red  cinchona  bark  is  dissolved  out  by 
water  acidulated  by  hydrochloric  acid  and  containing  gly- 
cerine. The  acid,  in  acting  as  a  solvent,  probably  more  or 
less  decomposes  the  natural  compounds  in  the  bark.  The 
glycerine  contributes  to  the  permanence  of  the  preparation. 
The  mixture  is  evaporated  to  a  low  bulk,  assayed  as  follows, 
and  further  evaporated  or  diluted,  until  85  fluid  parts  contain 
5  of  total  alkaloids.  12|  fluid  parts  of  rectified  spirit  are 
then  mixed  in  and  a  little  water  added  to  make  100  fluid 
parts.  The  assay  is  thus  conducted.  Place  fifty  fluid  grains 
of  the  product  of  the  first  evaporation  (a)  with  half  an  ounce 
of  distilled  water  into  a  stoppered  glass  separator  capable  of 
holding  four  fluid  ounces ;  add  to  this  one  fluid  ounce  of  ben- 
zolated amylic  alcohol  and  half  a  fluid  ounce  of  solution  of 
soda,  shake  them  together  thoroughly  and  repeatedly,  then 
allow  them  to  remain  at  rest  until  the  spirituous  solution  of 
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the  alkaloids  shall  have  separated  and  formed  a  distinct 
stratum  over  the  dark-coloured  alkaline  solution  of  the  other 
constituents  of  the  extract.    Run  off  the  latter  by  the  stop- 
cock, add  a  little  more  distilled  water  to  wash  away  any  still 
adhering  alkaline  solution  from  the  separator  and  its  contents, 
and  having  run  off  this  as  before,  as  completely  as  possible, 
decant  the  spirituous  solution  into  a  small  porcelain  or  glass 
dish  the  weight  of  which  is  known.    Evaporate  by  the  heat 
of  a  water-bath  until  a  perfectly  dry  residue  is  left.  Ihe 
weight  now  of  the  dish  and  its  contents,  after  deducting  the 
known  weight  of  the  dish,  will  give  that  of  the  alkaloids 
and  this  multiplied  by  2  will  give  the  parts  by  weight  of  the 
alkaloids  in  100  fluid  parts  of  the  liquid  {a). 

Be  Vrifs  Method  for  the  Separation  of  the  Mixed  AIM- 
loids  from  Cinchona  Barks.  Be  Vrifs  Method  for  tte 
Separation  and  Quantitative  Determination  of  ■  all ,  th e dyt 
ferent  Cinchona  Alkaloids.  For  these  processes  the  reader 
'is  referred  to  the  eleventh  edition  of  this  Manual.  Prolhuss 
Method  for  the  Estimation  of  Total  Alkaloids  m  Cinchona 
Barkis  modified  oy  Be  Vrij.-See  the  thirteenth  edition. 
Officii  (BP.)  Methods  of  Testing  Sulphate  of  Quinine 

JShate  of  quinine  in  ^^^^  ^5 
with  three  or  four  drops  of  di  lutedsu pu ,  ^  ^ 

recommends  omission  of  ^J^gff  ™     ^  ^lution 

ired  to  ensure  ^^^^^Z:}^^^^^ 
aside  until  cold,    beparate  oy  ,  t    to  oue- 

of  quinine  which  has  crystal hz^  °,u\  l^  ^u  a  bottle  or 

precipitated  shall be  retoeh,  d    B**^  ^ 

eXK"  **  ■»» «->  —  °r 
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twice.  Collect  the  separated  alkaloid  on  a  tared  filter,  wash 
it  with  a  little  ether,  dry  at  212°  F.  (100°  C),  and  weigh. 
Four  parts  of  such  alkaloid  correspond  to  five  parts  of  cry- 
stallized sulphate  of  cinchonidine  or  of  sulphate  of  cinchonine. 

Test  for  Quinidine. — Recrystallize  fifty  grains  of  the 
original  sulphate  of  quinine  as  described  in  the  previous 
paragraph.  To  the  filtrate  add  solution  of  iodide  of  potas- 
sium, and  a  little  spirit  of  wine  to  prevent  the  precipitation 
of  amorphous  hydriodates.  Collect  any  separated  hydriodate 
of  quinidine,  wash  with  a  little  water,  dry,  and  weigh.  The 
weight  represents  about  an  equal  weight  of  crystallized 
sulphate  of  quinidine. 

Test  for  Cupreine. — Shake  the  recrystailized  sulphate  of 
quinine,  obtained  in  testing  the  original  sulphate  of  quinine 
for  cinchonidine  and  cinchonine,  with  one  fluid  ounce  of 
ether  and  a  quarter  of  an  ounce  of  solution  of  ammonia,  and 
to  this  ethereal  solution,  separated,  add  the  ethereal  fluid 
and  washings  also  obtained  in  testing  the  original  sulphate 
for  the  two  alkaloids  just  mentioned.  Shake  this  ethereal 
liquor  with  a  quarter  of  a  fluid  ounce  of  a  ten  per  cent, 
solution  of  caustic  soda,  adding  water  if  any  solid  matter 
separates.  Remove  the  ethereal  solution.  Wash  the  aqueous 
solution  with  more  ether,  and  remove  the  ethereal  washings. 
Add  diluted  sulphuric  acid  to  the  aqueous  fluid,  heated  to 
boiling,  until  the  soda  is  exactly  neutralized.  When  cold , 
collect  any  sulphate  of  cupreine  that  has  crystallized  out  on 
a  tared  filter ;  dry,  and  weigh. 

"  Sulphate  of  quinine  "  should  not  contain  much  more  than 
five  per  cent,  of  sulphates  of  other  cinchona  alkaloids. 

Sulphate  of  quinine  normally  contains  15*2  per  cent,  of 
water ;  sulphate  of  cinchonidine  7*0  per  cent. ;  sulphate  of 
cinchonine  6-0  per  cent. ;  all  given  off  at  100°  to  115°  C.  The 
drying  should  therefore  be  effected  at  120°  C,  and  the  dried 
salt  weighed  in  well-fitting  weighing  tubes.  100  parts  of 
cinchonidine  are  equivalent  to  116  parts  of  anhydrous  sul- 
phate of  cinchonidine. 

Sulphate  of  cinchonidine  is  almost  the  only  salt  likely  to 
be  accidentally  present  in  the  sulphate  of  quinine  of  trade, 
much  quinidine  being  rarely  present  in  bark,  and  sulphate 
of  cinchonine  being  sufficiently  soluble  to  remain  dissolved 
in  the  mother-liquors  of  sulphate  of  quinine.  The  sulphate 
of  cinchonidine  may  vary  from  1  to  18  per  cent.,  but  more 
usually  is  present  to  the  extent  of  about  6  per  cent. 

A.C.  3  G 
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De  Vrifs  Chromate  Test  for  the  purity  of  sulphate  of 
quinine.— The  purity  of  quinine  sulphate  may  be  tested  m 
the  following  manner  (De  Vrij) 

Dissolve  1  gramme  of  the  salt  m  40  c.c.  of  hot  distilled 
wat r  and  add  6  c.c.  of  a  5  %  solution  of  pure  ye  kw ^chroma  e 
nf  notassium.  Set  aside  for  several  hours  at  a  temperature 
not  alTve^h °CL  when  the  quinine  will  be  completely  pre- 
dpitated  as  chromate.  Miter,  and  after  adding  a  few  more 
drops  of  the  chromate  to  the  filtrate,  to  make  sure  that  the 

gter  ^^^^^ 

excess  of  ammonia,  give  a  white 

dissolved  by  successive  treatments  of  th >rluid  witn 

chloroform  fatter  T^t^k  weighs 
it^nd  I  half  ^    The  precipitate  is  almost  entirely 

foregoing  paragraph  »  «»ded  about ,  deddedly  acid 

enough  diluted  sulphuric  acid  to  iinpa. t  a  wateUath 

reaction.    The  mixture  is  next  heated  ove  letel 
until,  the  solution  remaining  acid  the MJ  witb 

dissolved.  Dilute  soda  solution  is .  a™1^  The  dish  is 
great  care  until  the  solution  is  exactly neutiaL 

Sen  removed  and  the  Bol^°n  altowed^ ^ 1  of 

night,  when  ^.^J^^XSted  on  a  filter  and 

ordinary  sulphate,    inese  Pf™'  jf  it  is  acid,  it 

the  mother-liquor  tested  with  litmus ^paper 

must  be  warmed  over  a  water-bath  and  dm  &g 

added  to  exact  neutralization  and    he  «>lntw  e 

before,  when  some  more  crystals  will  piob  J 

These  are  also  collected  and  with  the  toim    R  g0  746]. 
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lated  its  equivalent  of  hydrous  quinine  (C20H24N2O2)2,2H2O  = 
684,  the  approximate  formula  of  hydrous  quinine  dried  oyer 
a  water-bath.  The  weight  thus  obtained  is  compared  with 
the  weight  of  total  alkaloid  determined,  both  having  been 
reduced  to  percentages.  The  amount  of  hydrous  quinine 
calculated  from  the  crystals  of  sulphate  should  not  be  much 
below  that  weighed  directly.  In  good  specimens  the  difference 
will  be  about  one  per  cent. 

The  sulphate  of  quinine  should  yield,  according  to  De  Vrij, 
at  least  91 -6  per  cent,  of  tartrate  of  quinine. 

(See  a  paper  by  Fletcher  in  the  Pharmaceutical  Journal 
for  September  20,  1879  ;  also  in  that  for  September  18,  1880, 
by  De  Vrij ;  and  in  the  Chemist  and  Druggist  for  October, 
1885,  by  Howard.) 

MORPHINE. 

The  official  (B.P.,  1885)  process  for  the  estimation  of  this 
alkaloid  in  opium  is  the  Hager-Jacobsen  method  somewhat 
modified,  and  is  conducted  in  the  following  manner : — 

Test.— Take  of  powdered  opium,  dried  at  212°  F.  (100°  C), 
140  grains  ;  lime,  freshly  slaked,  60  grains ;  chloride  of  ammo- 
nium, 40  grains;  rectified  spirit,  ether,  distilled  water,  of 
each  a  sufficiency.  Triturate  together  the  opium,  lime,  and 
400  grain-measures  of  distilled  water  in  a  mortar  until  a 
uniform  mixture  results ;  then  add  1,000  grain-measures 
of  distilled  water  and  stir  occasionally  during  half  an  hour. 
Filter  the  mixture  through  a  plaited  filter  about  three  inches 
in  diameter  into  a  wide-mouthed  bottle  or  stoppered  flask 
(having  the  capacity  of  about  six  fluid  ounces  and  marked  at 
exactly  1,040  grain-measures)  until  the  filtrate  reaches  this 
mark.  To  the  filtered  liquid  (representing  100  grains  of 
opium)  add  110  grain- measures  of  rectified  spirit  and  500 
grain-measures  of  ether,  and  shake  the  mixture ;  then  add 
the  chloride  of  ammonium,  shake  well  and  frequently  during 
half  an  hour,  and  set  it  aside  for  twelve  hours.  Counterbalance 
two  small  filters  ;  place  one  within  the  other  in  a  small  funnel, 
and  decant  the  ethereal  layer  as  completely  as  practicable 
upon  the  inner  filter.  Add  200  grain-measures  of  ether  to  the 
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contents  of  the  bottle,  and  rotate  it ;  again  decant  the  ethereal 
layer  upon  the  filter,  and  afterwards  wash  the  latter  with 
100  grain-measures  of  ether  added  slowly  and  in  portions. 
Now  let  the  filter  dry  in  the  air,  and  pour  upon  it  the  liquid 
in  the  bottle  in  portions,  in  such  a  way  as  to  transfer  the 
greater  portion  of  the  crystals  to  the  filter.    When  the  fluid 
has  passed  through  the  filter,  wash  the  bottle,  and  transfer 
the  remaining  crystals  to  the  filter,  with  several  small  por- 
tions of  distilled  water,  using  not  much  more  than  200  grain- 
measures  in  all,  and  distributing  the  portions  evenly  upon 
the  filter.  Allow  the  filter  to  drain,  and  dry  it,  first  by  press- 
ing between  sheets  of,  bibulous  paper,  and  afterwards  at  a  tem- 
perature between  131°  and  140°  F.  (55°  and  60°  C),  and  finally, 
at  194°  to  212°  F.  (96°  to  100°  0.)  [110°  C.  is  best].  Weigh 
the  crystals  in  the  inner  filter,  counterbalancing  by  the  outer 
filter.    The  crystals  should  weigh  ten  grains,  or  not  less  than 
nine  and  a  half  and  not  more  than  ten  and  a  half  grains, 
corresponding  to  about  ten  per  cent,  of  morphine  in  the  dry 
powdered  opium. 

Notes— The  foregoing  process,  in  common  with  other 
trustworthy  processes  of  the  date  (1885),  yields  results 
almost  exactly  comparable  amongst  themselves ;  therefore  is 
medically  reliable.  It  has  been  generally  recognised  as 
involving  some  loss  of  morphine,  the  loss  being,  however, 
apparently  fairly  constant.  Teschemacher  and  Smith,  after 
working  for  many  years  on  the  subject,  have  devised  such  a 
combination  of  known  morphiometric  methods  as  enable  them 
to  obtain  more  morphine  from  a  given  sample  of  opium  than 
they  formerly  obtained,  and  about  1-7  per  cent,  more  morphine 
from  a  given  sample  than  they  can  obtain  by  the  official 
method.  They  hope  to  so  extend  their  improvements  as  to 
obtain  still  higher  results.  Meanwhile  they  claim  for  then- 
method  not  only  the  important  medical  desideratum  that,  like 
other  trustworthy  methods,  it  yields  constant  results,  but 
that  it  necessarily  yields  results  at  all  events  nearer  to  truth 
than  the  results  hitherto  obtained.  The  maximum  contents 
by  the  official  process  is  to  be  10|  per  cent  of  "Wjjjg™! 
the  dried  opium.  This  con-esponds  to  a  yield  by  the  following 
process  of  12  or  12|  per  cent. 
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Teschcmacher  and  Smith's  Method. — Thoroughly  exhaust 
200  grains  of  opium  with  warm  distilled  water.  Concentrate 
this  watery  extract  to  a  thin  syrup  in  a  shallow  dish,  over  a 
water  bath,  the  water  of  which  should  not  quite  boil.  Trans- 
fer this  thin  syrup  to  a  suitable  flask,  which  permits  the  use 
of  a  soft  cork,  using  a  few  drops  of  water  successively,  to 
wash  out  the  dish.    Add  to  the  contents  of  the  flask  50  fluid 
grains  of  alcohol,  sp.  gr.  about  0*820,  and  about  600  fluid 
grains  of  ether.    Mix  gently,  but  thoroughly,  and  then  add 
some  50  fluid  grains  of  ammonia,  sp.  gr.  0-935.    Shake  the 
contents  of  the  flask  well  to  precipitate  the  alkaloids  in 
arenaceous  crystals,  with  occasional  agitation  during  the  en- 
suing eighteen  hours.    Transfer  the  contents  of  the  flask  to 
a  vacuum  filter,  and  permit  all  the  adherent  liquid  to  be 
drawn  away,  washing  out  the  flask  with  morphinated  spirit,* 
and  continue  its  use  till  the  liquid  passes  colourless.  Then 
wash  with  morphinated  water,f  till  this  also  passes  colour- 
less. Now  dry,  slowly  at  first,  finishing  at  212°  F.  Transfer 
the  dried  substance  to  a  mortar,  reduce  it  to  a  very  fine 
powder,  and  digest  it  thoroughly  in  benzene  to  dissolve  the 
narcotine  and  such  of  the  opium  alkaloids,  other  than  mor- 
phine, which  may  be  present.    Transfer  this  mixture  to  a 
vacuum  filter,  wash  out  the  mortar  carefully  with  benzene, 
which  use  to  wash  the  powder  thoroughly.    This,  then,  will 
be  morphine,  free  from  other  opium  alkaloids  and  narcotine, 
but  still  containing  colouring  and  possibly  other  organic 
matters  to  the  extent  of  3  to  10  per  cent.    Dry  and  _  weigh 
this  powder.    Now  ascertain  the  percentage  by  weight^  of 
crystallized  morphine  by  titration  of   this   powder  with 
standard  hydrochloric  acid  and  litmus  as  the  indicator.  (This 
acid  is  so  made  that  1,000  grains  by  weight  shall  exactly 
neutralize  100  grains  of  pure  morphine  crystallized  from 
water,  washed  with  ether,  and  gently  dried  finally  at  212°  F.) 

Of  Hydvochlorate. of  Morphine  it  is  officially  stated  that 
'■'  twenty  grains  of  the  salt,  dissolved  in  half  an  ounce  of 
warm  water,  with  ammonia  added  in  the  slightest  possible 
excess,  give  on  cooling  a  crystalline  precipitate  which,  when 
washed  with  a  little  cold  water  and  dried  in  a  water-bath, 

*  Morphinated  Spirit. — Digest  a  large  excess  of  morphine  in  rectified 
spirit  of  80  per  cent.,  for  several  days,  with  frequent  agitation.  Filter 
for  use. 

t  Morphinated  Water. — As '  above,  substituting  distilled  water  for 
spirit. 
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weighs  16  grains  " :  and,  respecting  the  Injectio  MorpMnat 
Hypodermica,  B.P.,  "  a  fluid  drachm  of  it  rendered  slightly 
alkaline  by  the  addition  of  solution  of  ammonia  yields  a  pre- 
cipitate of  morphine  which,  after  being  washed  and  dried, 
should  weigh  4'25  grains,  corresponding  to  six  grains  ol 
acetate  of  morphine.  The  acetate  {MorphinoR  Acetas,  B.P.) 
is  liable  to  lose  acetic  acid  and  become  basic,  hence  the  follow- 
ing official  requirements  :  "  Twenty  grains  of  the  salt  form 
with  one  drachm  of  water  a  slightly  turbid  solution,  which  is 
rendered  clear  by  the  addition  of  one  grain  of  acetic  acid  ; 
and  this  solution,  when  mixed  with  ammonia  in  slight  excess, 
yields  a  precipitate  which,  after  washing  with  a  little  cold 
water  and  drying  in  a  water-bath,  weighs  fifteen  grams.  If 
the  salt  yields  a  larger  proportion  of  morphine  than  this,  it 
should  be  recrystallized  from  hot  water  acidulated  with 
acetic  acid." 


NUX-VOMICA  ALKALOIDS. 

The  British  Pharmacopoeia  directs  that  its  two  galenical 
preparations  of  nux  vomica  (Extractum  Nucis  Vomica?  and 
Tinctura  Nucis  Vomica)  shall  contain  denned  proportions  of 

the  mixed  alkaloids  of  the  drug.  The  Extract  is  made  by 

exhausting  a  pound  of  powdered  nux  vomica  with  a  mixture 
of  64  fluid  ounces  of  rectified  spirit  and  16  of  water  by  per- 
colation. One  ounce  of  the  percolate  is  treated  as  follows  :— 
Evaporate  almost  to  dryness  over  a  water-bath,  to  dispel 
spirit;  dissolve  the  residue  in  half  a  fluid  ounce  of  diluted 
sulphuric  acid,  with  an  equal  bulk  of  water  and  add  two 
fluid  drachms  of  chloroform;  agitate  and  warm  gently. 
When  the  liquors  have  separated,  draw  off  and  reject  the 
chloroform;  then  add  to  the  acid  liquor  excess  of  solution  of 
ammonia  and  half  a  fluid  ounce  of  chloroform;  well  agitate, 
gently  warm,  and,  after  the  liquors  have  completely  separated, 
transfer  the  chloroform  to  a  weighed  dish  * jporote  over 
a  water-bath,  and  dry  for  one  hour  - at  212°  F.  (100°  C 
Allow  the  residue  of  total  alkaloid  to  cool,  and  then  weigh  it 
Take  of  the  percolated  liquid  as  much  as  shall  contain  ldl* 
grains  of  total  alkaloid,  distil  off  the  spirit,  and  evaporate 
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over  a  water-bath,  until  the  Extract  weighs  two  ounces. 

This  Extract  will  contain  15  per  cent,  of  total  alkaloid.  

The  Tincture  is  prepared  by  dissolving  133  grains  of  the  as- 
sayed Extract  in  a  pint  of  diluted  spirit  (made  by  adding 
enough  rectified  spirit  to  four  ounces  of  water  to  produce  a  pint 
of  fluid).    One  fluid  ounce  of  this  Tincture  will  contain  one 

grain  of  the  alkaloids  of  nux  vomica.  If  properly  prepared, 

ten  grains  of  the  Extract  when  treated  in  the  following 
manner  should  yield  one  and  a  half  grains  of  total  alkaloid. 
Dissolve  the  Extract  in  half  a  fluid  ounce  of  water,  with  the 
aid  of  a  gentle  heat,  and  add  a  drachm  of  carbonate  of 
sodium  previously  dissolved  in  half  a  fluid  ounce  of  water, 
and  half  a  fluid  ounce  of  chloroform ;  agitate,  warm  gently, 
and  separate  the  chloroform.  To  the  separated  chloroform 
add  half  a  fluid  ounce  of  diluted  sulphuric  acid  with  an 
equal  btilk  of  water ;  again  agitate,  warm  and  separate  the 
acid  liquid  from  the  chloroform.  To  this  acid  liquor  add 
now  an  excess  of  ammonia,  and  agitate  with  half  a  fluid 
ounce  of  chloroform;  when  the  liquors  have  separated, 
transfer  the  chloroform  to  a  weighed  dish,  and  evaporate  the 
chloroform  over  a  water-bath.  Dry  the  residue  for  one  hour, 
aad  weigh. 

SUGAH. 

The  qualitative  test  for  sugar,  by  means  of  an  alkaline 
copper  solution  {vide  p.  557),  may  be  applied  in  the  estima- 
tion of  sugar  in  sacchariferous  substances. 

Process  1. — 34'65  grammes  of  pure  dry  crystals  of  ordinary 
sulphate  of  copper  are  dissolved  in  about  250  c.c.  of  distilled 
water.  173  grammes  of  pure  crystals  of  the  double  tartrate 
of  potassium  and  sodium  are  dissolved  in  480  c.c.  of  solution 
of  caustic  soda  of  sp.  gr.  1*14.  The  solutions  are  only  mixed 
when  required,  water  being  then  added  to  form  1  litre ; 
smaller  quantities  of  the  fluids  being  proportionately  diluted. 
100  c.c.  of  this  mixture  represent  3-465  grammes  of  sulphate 
of  copper,  and  correspond  to  0"500  of  a  gramme  of  pure  anhy- 
drous grape-sugar,  0-475  of  cane-sugar,  0*807  of  maltose,  or 


824  QUANTITATIVE  ANALYSIS. 

0-450  of  starch.  The  solutions  must  be  preserved  in  well- 
stoppered  bottles  to  prevent  absorption  of  carbonic  acid,  and 
be  kept  in  a  dark  place.  Should  the  mixture  give  a  precipi- 
tate on  boiling,  a  little  solution  of  soda  may  be  added  when 
making  experiments.  Such  a  reagent  is  known  as  Fehling's 
solution. 

Dissolve  0-475  of  pure  dry  powdered  cane-sugar  in  about 
50  c.c.  of  water,  convert  into  grape-sugar  by  acidulating  with 
sulphuric  acid  and  heating  for  an  hour  or  two  on  a  water-bath, 
make  slightly  alkaline  with  carbonate  of  sodium,  and  dilute 
to  100  c.c.    Place  10  c.c.  of  the  copper  solution  m  a  small 
flask,  dilute  with  three  or  four  times  its  bulk  of  water,  and 
gently  boil.    Into  the  boiling  liquid  drop  the  solution  of  sugar 
from  a  burette,  one  cubic  centimetre,  or  less,  at  a  time,  until, 
after  standing  for  the  precipitate  to  subside,  the  supernatant 
liquid  has  just  lost  its  blue  colour  ;  10  c.c.  of  the  solution  of 
sugar  should  be  required  to  produce  this  effect-equivalent 
to  0-0475  of  cane  sugar,  0-0807  of  maltose,  or  0-0500  of  grape- 
sugar.    Experiments  on  pure  cane-sugar  must  be  practised 
until  accuracy  is  attained;  syrups,  diabetic  urine,  and .mr 
charated  substances  containing  unknown  quantities  of  sugar 

may  then  be  analysed.  w,iiu;mi 
Starch  is  converted  into  grape-sugar  by  gentle  ebullition 
with  diluted  acid  for  eight  or  ten  hours,  the  solution  tog 
finally  diluted  so  that  one  part  of  starch,  or  rather  sngai, 
shall  be  contained  in  about  150  of  water. 

If,  instead  of  Fehling's  solution,  Pavy's ammonia ,  e so  u- 
tion'be  used  {ProceeMngs  of  the  Royal  ^ 
p.  260;  and  vol.  xxix.  p.  272 ;  or  Lancet  March  M^4.^ 
376  •  or  Pharmaceutical  Journal,  3  ser,  vol.  xvn  p.  86b)  one 
filth  Ire  of  the  copper  salt  will  be  required  to  do  the  same 

aTcasesrwhich  loss  of  blue  colour  cannot  be  relied  on 
JZSStag  the  termination  of  the  reaction  the  suboxide  of 
"pp.  should  be  rapidly  filtered  out  -h^,  -d 
after  adding  the  filter-ash,  ignited,  and  the  f 
oxide  of  copper  weighed.    One  gramme  of  black  oxide  (or 
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suboxide  or  of  metallic  copper)  indicates  the  subjoined 
amounts  of  the  respective  sugars. 


One  gramme  of  Glucose. 

Black  oxide    .    .    .    -4535  — 

Suboxide    ....    -5042  — 

Metallic  copper   .    .    "5634  — 


Cane  Milk  Malt 

sugar.  sugar.  sugar. 

•4308  —    -6153  —  -7314 

•4790  _    -6843  —  -8132 

•5395  —    -7707  —  "9089 


Process  2. — Roberts's  Method  for  the  Estimation  of  Sugar 
in  Urine. — About  four  ounces  of  saccharine  urine  are  put  into 
a  twelve-ounce  bottle,  and  a  lump  of  German  yeast  about  the 
size  of  a  cob-nut  or  small  walnut  is  added.  This  excess  of* 
yeast  hastens  fermentation,  and  does  no  harm.  The  bottle 
is  then  covered  with  a  grooved  cork  (to  allow  of  the  escape  of 
carbonic  acid  gas),  and  set  aside  in  a  warm  place  to  ferment. 
By  the  side  of  it  is  placed  a  tightly-corked  four-ounce  phial 
filled  with  the  same  urine  without  any  yeast.  In  about 
twenty-four  hours  the  fermentation  will  have  ceased  and  the 
scum  cleared  off  or  subsided.  The  fermented  urine  is  then 
decanted,  and  its  specific  gravity  taken.  At  the  same  time 
the  specific  gravity  of  the  unfermented  urine  in  the  com- 
panion phial  is  observed.  The  density  lost  is  thus  ascer- 
tained. Each  degree  of  density  lost  represents  a  grain  of 
glucose  per  fluid  ounce. 

Sugar  is  often  estimated  by  the  measurement  of  the  car- 
bonic acid  gas  evolved,  or  of  the  alcohol  produced,  during 
fermentation. 

Saccharometry. — A  generic  term  for  certain  quantitative 
operations  undertaken  with  the  view  of  ascertaining  the 
quantity  of  sugar  present  in  any  matter  in  which  it  may  be 
contained. 

Saccharometry  is  frequently  performed  iipon  common 
syrup  (Syrupus,  B.P.)  and  solutions  which  are  known  to 
contain  nothing  but  cane-  (ordinary)  sugar,  the  object  being 
merely  to  ascertain  the  amount  present.  In  such  a  case  it 
is  only  necessary  to  take  the  specific  gravity  of  the  liquid 
at  60°  F.,  and  then  refer  to  a  previously  prepared  Table  of 
densities  and  percentages. 
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fopecmc 

Sup  fir, 

gravity. 

per.  cent 

1  UU I 

1  o 

i  «m  A 

.      o  o 

1  -rtOO 
1  Ui-i 

^•9 

1  >AOQ 

/  U 

1  Uoo 

.        0  l 

1  U1*^ 

i  n- J. 

1  UOi 

1  -  t 

144 

1067 

'.  1(3-3 

1-075 

.  182 

1  083 

.  20-8 

1-091 

.  218 

Specific  Sugar, 

gravity,  per  cent, 

1-100  .  23-7 

1-108  .  25-6 

1-116  .  27-6 

1-125  .  29-4 

1-134  .  315 

1-143  .  33-4 

1-152  .  35-2 

1-161  .  37-0 

1-171  .  38-8 

1-180  .  40-6 

1  190  .  42  4 

1-199  .  44-3 


Specific  Sugar, 
gravity,     per  cent, 


1-210 

.  46-2 

1-221 

.  48-1 

1  231 

.  50-0 

1-242 

.  521 

1-252 

.  541 

1-261 

.  560 

1-275 

.  58-0 

1-286 

.  60-1 

1-298 

.  62-2 

1-309 

.  64-4 

1-321 

.    66-6  ? 

1-330(B 

.p.)666? 

The  spec.  grav.  may  be  taken  by  a  hydrometer,  technically 
termed  a  saccharometer.  (The  above  spec.  gravs.  =  1°  to  35° 
Baume.) 

If  a  liquid  contains  other  substances  besides  cane-sugar, 
the  test  of  specific  gravity  is  of  little  or  no  value.  Advan- 
tage may  then  be  taken  of  the  fact  that  syrup  causes  right- 
handed  twisting  of  a  ray  of  plane-polarized  light  to  an 
extent  proportionate  to  the  amount  of  sugar  in  solution. 
The  saccharine  fluid  is  placed  in  a  long  tube  having  opaque 
sides  and  transparent  ends  ;  and  a  ray  of  homogeneous  light, 
polarized  by  reflection  from  a  black-glass  mirror  or  other- 
wise is  sent  through  the  liquid  and  optically  examined 
by  a  plate  of  tourmaline,  Nicol's  prism,  or  other  polarizing 
eyepiece.    Attached  to  the  eyepiece  is  a  short  arm  which 
traverses  a  circle  divided  into  degrees.    The  eyepiece  and 
arm  are  previously  so  adjusted  that  when  the  ray  is  no 
longer  visible  the  arm  points  to  the  zero  of  the  scale  ot 
degrees.    The  saccharine  solution,  however,  so  twists  the  ray 
as  to  again  render  it  visible  ;  and  the  number  of  degrees 
which  the  eyepiece  has  to  be  rotated  before  the  ray  is  once 
more  invisible  is  proportionate  to  the  strength  of  the  solution. 
The  value  of  the  degrees  having  been  ascertained  by  direct 
experiment,  and  the  results  tabulated,   a  reference  to  the 
table  indicates  the  percentage  of  sugar  m  the  liquid  under 
examination.     Grape-sugar  also  possesses  the  property  ot 
dextral  rotation,  but  less  powerfully  than  cane-sugar  ;  more- 
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over,  the  former  variety  does  not,  like  cane-sugar,  suffer  in- 
version of  the  direction  of  rotation  on  the  addition  of  hydro- 
chloric acid  to  its  solution— an  operation  that  furnishes  data 
for  ascertaining  the  amount  of  cane-  and  of  grape-sugar,  or 
of  crystallizable  and  non-crystallizable  sugar,  present  in  a 
mixture.  In  using  the  polariscope  saccharometer,  it  is  con- 
venient to  employ  tubes  of  uniform  size,  and  always  to 
operate  at  the  same  temperature.  Various  modes  are 
adopted  of  applying  for  quantitative  purposes  this  action 
of  syrup  on  polarized  light. 

ALCOHOL. 

Mulder's  process  for  the  determination  of  the  amount  of 
alcohol  in  wine,  beers,  tinctures,  and  other  alcoholic  liquids 
containing  vegetable  matter  is  as  follows  : — Take. the  specific 
gravity  and  temperature  of  the  liquid,  and  measure  off  a 
certain  quantity  (100  cubic  centimetres) ;  evaporate  to  one- 
half  or  less,  avoiding  ebullition  in  order  that  particles  of  the 
material  may  not  be  carried  away  by  the  steam.  Dilute  with 
water  to  the  original  bulk,  and  take  the  specific  gravity  at 
the  same  temperature  as  before.  Of  the  figures  representing 
the  latter  specific  gravity,  all  over  1,000  show  to  what  extent 
dissolved  solid  matter  affected  the  original  specific  gravity  of 
the  liquid.  Thus,  the  specific  gravity  of  a  sample  of  wine  at 
15-5°  C.  is  0-9951 ;  evaporated  till  all  alcohol  is  removed  and 
diluted  with  water  to  the  original  bulk,  the  specific  gravity 
at  15-5°  C.  is  1-0081  :  0-0081  represents  the  gravitating  effect 
of  dissolved  solid  matter  in  0*9951  part  of  original  wine. 
0-0081  subtracted  from  0-9951  leaves  0-987,  which  is  the 
specific  gravity  of  the  alcohol  and  water  of  the  wine.  Or, 
divide  the  sp.  gr.  of  the  wine  by  the  sp.  gr.  of  the  wine 
minus  alcohol,  carrying  out  the  sum  to  four  places  of  deci- 
mals ;  the  quotient  shows  the  sp.  gr.  of  the  water  and  alcohol 
only  of  the  wine.  On  referring  to  a  table  of  the  strengths 
of  diluted  alcohol  of  different  specific  gravities,  0-987  at  15-5° 
C.  is  found  to  indicate  a  spirit  containing  8  per  cent,  of  real 
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alcohol.  If  the  foregoing  operation  be  conducted  in  a  retort, 
the  liquid  being  boiled  and  the  steam  carefully  condensed, 
the  distillate,  diluted  with  water  to  the  original  bulk  of  wine 
operated  on,  will  still  more  accurately  represent  the  amount 
of  water  and  alcohol  in  the  wine— its  specific  gravity  show- 
ing the  percentage  of  real  alcohol  present. 


DIALYSIS. 

Dialysis  (from  8ia,  diet,  through,  and  AiW,  iMsis,  a  loosing 
or  resolving)  is  a  term  applied  by  Graham  to  a  process  of 
analysis  by  diffusion  through  a  septum.   The  apparatus  used 
in  the  process  is  called  a  dialyzer,  and  is  constructed  and 
employed  in  the  following  manner.    The  most  convenient 
septum  is  the  commercial  article  known  as  parchment  paper, 
made  by  immersing  unsized  paper  for  a  short  time  in  sul- 
phuric acid  ;  it  is  sold  by  most  dealers  in  chemical  apparatus. 
A  piece  of  this  material  is  stretched  over  a  gutta-percha 
hoop,  and  secured  by  a  second  external  hoop.    Dialyzers  of 
useful  size  are  one  or  two  inches  deep  and  five  to  ten  inches 
wide.    Liquids  to  be  dialyzed  are  poured  into  the  dialyzer, 
which  is  then  floated  in  aflat  dish  containing  distilled  water. 
The  portion  passing  through  the  septum  is  termed  the  diffu- 
sate,  the  portion  which  does  not  pass  through  is  termed  the 

dialysate.  „  , 

The  practical  value  of  dialysis  depends  upon  the  fact  that 
certain  substances  will  diffuse  through  a  given  septum  tar 
more  rapidly  than  others.  Uncrystallizable  bod.es  diffuse 
very  slowly.  Of  such  matters  as  starch,  gum,  albumen  and 
gelatine,  the  last-named  is  perhaps  least  diffusive;  hence 
Substances  of  this  class  are  termed  colloid,,  or  bodies  like 
colUn  which  is  the  soluble  form  of  gelatine.  Substances 
which  diffuse  rapidly  are  mostly  crystalline  ;  hence  bodies  of 
this  class  are  termed  crystalloids. 

Solution  ofdialyscd  iron,  Liquor  Fern  Dtalysatus  BP. 
an  aqueous  solution  of  about  5  per  cent,  of  highly  basic  oxy- 
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chloride  of  iron  is  obtained  by  saturating  one  fluid  ounce  of 
the  solution  of  perchloride  of  iron  with  fresh  ferric  hydrate 
(obtained  by  precipitating  six  fluid  ounces  of  the  same  solu- 
tion by  ammonia,  and  washing  and  draining  the  product), 
filtering  if  necessary,  placing  on  a  dialyser  floating  in  dis- 
tilled water,  and  displacing  the  fluid  in  the  dish  by  water 
daily  for  a  week  or  two,  or  until  the  diffusate  gives  no  reac- 
tion with  nitrate  of  silver,  and  the  fluid  on  the  dialyser  is 
almost  tasteless.  The  colloid  fluid  which  has  thus  been  sub- 
jected to  dialysis  (hence  the  only  title  to  the  name  dialysed 
iron),  and  which  does  not  pass  through  the  dialyser,  is  the 
highly  basic  oxychloride  of  iron,  or  so-called  "  dialysed  iron," 
or  "  dialytic  iron."  This  fluid  has  very  little  taste  of  iron. 
Its  value  as  a  medicine  has  been  questioned,  its  non-diffusi- 
bility  suggesting  that  it  never  passes  out  of  the  intestinal 
canal,  and  therefore  never  gets  into  the  blood.  Possibly  it 
becomes  decomposed  in  the  system  and  the  resulting  product 
becomes  assimilated. 

It  is  "  a  clear  dark  reddish-brown  liquid,  free  from  any 
marked  ferruginous  taste."  Neutral  to  test-papers.  Specific 
gravity  about  1-047.  The  solution  gives  no  precipitate  with 
ferrocyanide  of  potassium  or  with  nitrate  of  silver,  but  after 
being  heated  with  hydrochloric  acid  it  yields  with  ferro- 
cyanide of  potassium  a  blue  precipitate.  100  grains  by 
weight  afford  a  precipitate  with  solution  of  ammonia,  which, 
washed,  dried,  and  ignited,  weighs  5  grains. 

The  phenomena  of  dialysis  show  that  crystalloids  are 
superior  to  colloids  in  affinity  for  water. 


QUESTIONS  AND  EXEECISES. 

Carbonate  of  potassium  is  said  to  lose  16  per  cent,  of  water  on  exposure 
to  a  red  heat ;  give  the  details  of  manipulation  observed  in  verifying  this 
statement.— Write  a  few  paragraphs  descriptive  of  the  process  of  ultimate 
organic  analysis. — In  what  forms  are  carbon,  hydrogen,  and  nitrogen 
weighed  in  quantitative  analysis  ? — In  the  combustion  of  -41  of  a  gramme 
of  sugar,  what  weights  of  products  will  be  obtained  ?  Am.,  '632  of  carbonic 
acid  gas  (C02)  and  -237  of  water  (H20).— How  is  cinchona  assayed  for 
mixed  alkaloids  ?— Give  the  official  method  for  the  estimation  of  morphine 
in  opium. — Mention  the  operations  necessary  for  the  estimation  of  the 
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proportion  of  sugar  in  saccharated  carbonate  of  iron,  or  in  a  specimen  of 
diabetic  urine.— What  is  understood  by  saccharometry  ?— Give  two  pro- 
cesses for  the  estimation  of  the  percentage  of  alcohol  in  tinctures,  wines, 
or  beer. — Define  dialysis. 


CONCLUSION. 

Detailed  instructions  for  the  quantitative  analysis  of 
potable  water,  articles  of  food,  general  technical  products, 
special  minerals,  soils,  manures,  air,  illuminating  agents 
(including  solid  fats,  oils,  spirits,  petroleum,  and  gas),  dyes, 
and  tanning-materials,  would  scarcely  be  in  place  in  this 
volume. 

The  course  through  which  the  reader  has  been  conducted 
will,  it  is  hoped,  have  taught  him  the  principles  of  the  science 
of  chemistry,  and  given  him  special  knowledge  concerning 
the  applications  of  that  science  to  medicine  and  pharmacy, 
as  well  as  have  imparted  sufficient  manipulative  skill  to 
meet  the  requirements  of  manufacture  or  analysis.  The 
author  would  venture  to  suggest  that  this  knowledge  be 
utilized,  not  only  in  the  way  of  personal  advantage,  but  in 
experimental  researches  on  chemical  subjects  connected  with 
pharmacognosy,  pharmacology,  therapeutics  and  pharmacy. 
The  discovery  and  publication  of  a  new  truth,  great  or  small, 
is  the  best  means  whereby  to  aid  in  advancing  the  calling  m 
which  we  may  be  engaged,  increase  our  own  reputation,  and 
contribute  to  that  "ultimate  end  of  knowledge  "  which  Bacon 
described  as  "  employing  the  Divine  gift  of  reason  to  the  use 
and  benefit  of  mankind." 


INSTRUCTIONS  TO  BINDER. 


Stabches "  should  face  page  566. 

Urinary  Deposits,"  1,  \  ( should  face  each  other  be 

Ubinaby  Deposits,"  2,  j  ( tween  pages  696  and  697. 
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TABLE  OF  OFFICIAL  TESTS  FOE  IMPURITIES  IN  PREPARA- 
TIONS OF  THE  BRITISH  PHARMACOPOEIA.* 


Name  of  Preparation. 


Impurities. 


Test. 


Page. 


{ 


Acacias  Gummi 
Acetanilidum 
Acetum  

Acidum  Aceticum 
Acid.  Acetic  Glaciale 


Acidum  Boricum 
Acidum  Chromicum 


Acidum  Citricum 


Acidum  Gallicum 

Acidum  Hydrobro- 
micum  Dilutum 


Acidum  Hydro- 
chloricum  

Acidum  Hydrocy-  f 
anicum  Dilutum  (. 


Acidum  Lacticum 


Acidum  Meconicum  ... 


Starch   

Mineral  matter   

Other  organic  matter  

Acetone,  etc   .. 

More  than  one-thousandth 

of  Sulphuric  Acid. 
Traces  of  Lead  or  Copper 
Sulphuric  acid 
Hydrochloric  acid 
Sulphurous  acid  ... 
Mineral  matter  ... 
Sulphurous  acid  ... 
Alkaline  salts 

Sulphates   

Chlorides   

Calcium  salts 
Iron  salts,  etc.  ... 
Sodium  salts 
Excess  of  Sulphates 
Traces  of  Copper  or  Lead 
Tartaric  acid 
Tartaric  acid 
Sulphuric  acid  ... 
Mineral  matter  ... 

Tannic  acid  

Fixed  matter 

Sulphates   

Traces  of  some  acids 

General  

Sulphuric  acid  ... 

Arsenium   


Sulphurous  acid... 

Chlorine   

Sulphuric  acid  ... 
Hydrochloric  acid 
Iron,  Lead,  etc.  ... 

Sulphates   

Chlorides   

Calcium  Salts 

Sugar   

General  

Alkaloids   


Iodine   

Incineration   

Sulphuric  acid  

Ferric  chloride  

Quantitative  analysis 

Sulphuretted  Hydrogen . 
Soluble  barium  salt  ...  . 
Nitrate  of  Silver,  etc. 
Nascent  Hydrogen  ... 
Evaporation  and  ignition 
Nascent  Hydrogen  ...  . 
Insolubility  in  Alcohol  . 
Soluble  barium  salt  ...  . 
Nitrate  of  Silver  ...  . 
Oxalate  of  Ammonium  . 
Sulphydrate  of  Ammonium 

Flame  test  

Ppt.  with  barium  salt,  etc 
Sulphuretted  Hydrogen.. 
Acetate  of  Potassium 
Excess  of  Lime-water 
Soluble  barium  salt,  etc. 

Incineration   

(Isinglass)  Gelatine  ... 

Evaporation   

Soluble  barium  salt,  etc. 
Colour  on  keeping  ...  . 
Quantitative  analysis 
Soluble  barium  salt  ... 
Sulphuretted  Hydrogen 

Copper  

Nascent  Hydrogen  ...  . 
Sulphate  of  Indigo  ...  . 
Soluble  barium  salt ...  . 
Nitrate  of  Silver,  etc. 
Ammonia  and  Sulphydrat 
Soluble  barium  salt ... 
Nitrate  of  Silver,  etc. 
Oxalate  of  Ammonium 
Alkaline  copper  solution 
Quantitative  analysis  ... 
Iodine  and  Iod.  Potassium 


557 
752 
682 


*  The  manipulations  necessary  to  be  observed  in  testing  for  impurities  will  be  found 
described  in  the  paragraphs  treating  of  those  substances.  The  Table  also  includes  refer- 
ences to  processes  for  ascertaining  deficiency  in  strength  of  official  articles. 

The  other  "  characters  and  tests  "  of  pharmacopceial  chemical  compounds  have  been  given 
in  connection  with  the  respective  synthetical  and  analytical  reactions. 

A.C.  83i  3  H 
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Name  of  Preparation. 


Acidum  Nitricum 

Acidum  Oleicum 
Acidum  Oxalicum 


Acidum  Phosphori- 
cum  Concentra- 
tum  vel  Dilutum 


Acidum  Salicylicum 

Acidum   Sulphuri-  f 
cum  ...   

Acidum  Sulphurosum 
Acidum  Tannicum ... 

Acidum  Tartaricum 

Aconitin'a   

Adeps  Lanse  

Adeps    Lanse    Hy- ) 
drosus   ) 

Adeps  Praparatus  | 

.■Ether   ...  _   ... 

.Ether  Aceticus  ...  ... 

.Ether  Purus      ...  $ 


Alcohol  Ethylicum  i 


Alcohol  Amylicum  . 

Alum    . 

Ammonii  Benzoas 

Ammonii  Bromi- 
dum   


Ammonii  Carbonas  ^ 

Ammonii  Chloridum 
Ammonii  Nitras  ...  | 

Amylum    £ 

Amyl  Nitris  

Anlimonium  Nigrum  f 

Purificat   I 

Antimonii  Oxidum 

Antimonium  Sulph.  ... 


Impurities. 


Mineral  matter   

Sulphuric  acid   

Hydrochloric  acid   

Stearic  and  Palmitic  acids 

Mineral  matter   

Arsenium,  Lead,  Platinum 

Sulphuric  acid   

Hydrochloric  acid   

Metaphosphoric  acid 

Nitric  acid   

Phosphorous  acid   

Ammonium  (phosphate)  ... 

Calcium  salts   

Excess  of  Water  

Iron  ;  organic  impurities  ... 

Mineral  matter   

Excess  of  Water  

Arsenium   

Sulphuric  acid   

Mineral  matter   

Metallic  matter,  as  Lead  ... 

Oxalic  acid  

Calcium  salts   

Mineral  matter   

Mineral  matter   

Other  fats   

Mineral  matter   

Excess  of  fatty  acid   

Nitrogenous  matter   

Excess  of  water  

Chloride  (of  Sodium)  

Starch  (flour)   

Lime   

Alcohol  

Water,  Alcohol   

Alcohol,  Water   

Undetermined  org.  matter 

Resin  or  oil  

Water   

Fixed  matter   

Other  spirituous  matter  ... 

Iron  (sulphate)   

Fixed  salts   

Bromates   

Iodides  

Sulphates   

General  

Fixed  salts   

Sulphates   

Chlorides   

Fixed  salts   

Chlorides   

Sulphates   

Alkaline  matter  

Acid  matter  

General  

Silica   

Soluble  Arsenium  salt 
Higher  oxides  of  Antimony 

General  


Test. 


Evaporation  and  ignition 

Soluble  barium  salt  

Nitrate  of  Silver,  etc  

Lead  salt  insoluble  in  ether  ... 

Incineration   

Sulphuretted  Hydrogen  

Soluble  barium  salt  

Nitrate  of  Silver,  etc  

Albumen   

Ferrous  sulphate,  etc  

Corrosive  sublimate  

Hot  alkali  

Oxalate  of  Ammonium,  etc.  ... 

Quantitative  analysis   

Colour  on  evaporation   

Evaporation  and  ignition 

Quantitative  analysis   

Stannous  Chloride   

Soluble  barium  salt  

Incineration   

Sulphuretted  Hydrogen  

Sulphate  of  Calcium   

Oxalate  of  Ammonium   

Incineration   

Incineration   

Melting-point,  etc  

Incineration   

Soda   

Hot  soda  

Evaporation   

Nitrate  of  silver,  etc  

Iodine   

Incineration,  etc.,  as  for  gum 
Boiling-point,  sp.  gravity 
Spec.  grav.  and  boiling-point 

Specific  gravity  

Iodide  of  Potassium  

Opalescence  on  dilution  

Anhyd.  cop.  sulph.,  sp.  gr.  ... 

Incomplete  volatility   

Boiling-point,  sp.  gravity 

Yellow  or  red  Prussiate  

Non-volatility   

Diluted  Sulphuric  Acid  

Starch  mucilage   

Soluble  barium  salt,  etc  

Volumetric  analysis  

Non-volatility   

Soluble  barium  salt,  etc. 

Nitrate  of  Silver,  etc  

Non-volatility   

Nitrate  of  Silver,  etc  

Soluble  barium  salt,  etc. 

Red  Litmus   

Blue  Litmus  ...   

Fractional  distillation     ...  ... 

Insol.  in  Hydrochloric  acid  ... 

The  copper  lest   

Insolubility  in  sol.  of  acid  tar- 
trate of  potassium   

Quantitative  analysis   
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Name  of  Preparation. 


Impurities. 


Antimonium  Tart.  ... 
Aqua  Aurantii  Floris ... 


Aqua  Destillata  ... 


Argenti  Nitras,  Ar-  ) 
gent,  et  Pot.  Nit.  S 

Argenti  Oxidum  ...  £ 

Argentura    Purifi-  ( 

catum   (. 

Asafoetida   

Atropina   

Atropine  Sulphas 

Balsamum  Peruvi-  j 
anum   ] 

Beberinae  Sulphas 
Bismuthi  Carbonas 


Bismuthi  Citras  ... 

Bismuthi    et  Am- 
monii  Citras 


Bismuthi  Oxidum 


Bismuthi  Subnitras 


Bismuthum  Purifi- 
catum  


Borax   

Bromum    | 

Calcii      Carbonas  j 
Pracipitata     ...  1 

Calcii  Chloridum...  | 


Calcii  Hypophosphis 


General  

Metallic  (Pb,  Cu,  Sn) 

Fixed  salts  

Tin,  Lead,  or  Copper 

Calcium  salts   

Chlorides   

Sulphates   

Excess  of  Ammonia  ...  . 
Carbonates    ...  . 

Other  nitrates,  etc  

Metallic  silver   

General  

Copper  

General  

Earthy  matter   

Mineral  matter   

Mineral  matter   

Fixed  oil   

Alcohol  

Resins,  oils,  etc  

Mineral  matter   

Nitrates  

Lead  (carbonate) 

Chlorides   

Other  impurities  

Phosphate  of  Calcium 

Nitrates  

General  

Other  impurities  

General  

Other  impurities  

Moisture    \ 

Carbonate  (of  Bismuth)  ) 

Lead  compounds  

Chlorides   

Silver   

Phosphate  of  Calcium 

Other  impurities  

Lead  (oxynitrate)   

Chlorides   

Silver   

Phosphate  of  Calcium 

Other  impurities  

Arsenium   

Silver   

Lead  '   

Tellurium  and  Selenium  ... 

Copper  

Iron   

General  

General  

Iodine   

Alumina,  Magnesia,  Ferric 
Oxide,  Phosphates. 

Chlorides   

Hypochlorite  of  Calcium  ... 

Carbonic  acid   

Soluble  Phosphate   

General  


Quantitative  analysis   

Sulphuretted  Hydrogen  

Evaporation  and  ignition 

Sulphuretted  Hydrogen  

Oxalate  of  Ammonium  

Nitrate  of  Silver,  etc  

Soluble  barium  salt,  etc.  

Nessler's  reagent   

Lime-water   

Quantitative  analysis,  etc.  ... 

Effervescence  with  nitric  acid 
Quantitative  analysis 
Ammonia  to  nitric  solution  ... 

Quantitative  analysis   

Incineration   

Incineration   

Incineration   

Immiscibility  with  alcohol 
Non-diminution     of  volume 
when  mixed  with  water 

Slaked  lime  

Incineration   

Sulphate  of  Indigo   

Diluted  sulphuric  acid   

Nitrate  of  Silver,  etc  

See  Bism.  Purif. 

Citric  acid,  etc  

Ferrous  sulphate,  etc  

Quantitative  analysis   

See  Bism.  Purif. 

Quantitative  analysis   

See  Bism.  Purif. 

Heated  it  loses  weight   n 

Sulphuric  acid  

Nitrate  of  Silver,  etc  

HC1  after  sep.  of  Bi  by  AmHO 

Citric  acid,  etc  

Sec  Bism.  Purif. 

Diluted  sulphuric  acid   

Nitrate  of  Silver,  etc.    ...  ... 

Hydrochloric  acid   

Citric  acid,  etc  

See  Bism.  Purif. 

Marsh's  test  

Hydrochloric  acid  

Diluted  sulphuric  acid   

Sulphurous  acid   

Ammonia     

Ferrocyanide  of  Potassium  ... 

Quantitative  analysis   

Sp.  gr.  (726)  ;  boiling-point  ... 

Starch  _  

Sacc.  solution  of  Lime,  etc.  ... 

Nitrate  of  Silver,  etc  

Hydrochloric  acid   

Lime-water  

Acetate  of  Lead  ...  

Permanganate  of  Potassium  ... 
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Name  of  Preparation. 


Calcii  Phosphas 


Calx   

Calx  Chlorinata  ... 
Calx  Sulphurata  ... 

Cambogia    ...  ... 


Camphora    ... 

Carbo  Animalis  Pur.  ... 

Carbo  Ligni   ... 

Catechu   ... 


Cera  Alba  > 
Cera  FlavaJ  " 


Cerii  Oxalas ... 


Cetaceum 
Chloral  Hydras 


Chloroform   

Cinchonidinae     Sul-  f 
phas    I 

Cinchonina:  Sulphas  -j 

Coccus   ... 

Colocynthidis  Pulpa  J 
(in  powder)      ...  ( 


Impurities. 


Copaiba . 


Creasolum 


Creta  Prasparata...  I 

Crocus   

Cupri  Sulphas   

Elaterium    j 

Fel    Bovinum  Purifi- 
catum  

Fcrri  Arsenias   ...  j 


Carbonates  (of  Calcium)  ... 

Alumina   

Sand   

Wore  than  traces  of  chlorides 

General    

Carbonate  of  Calcium 

Alumina.  Oxide  of  Iron,  etc. 

General  

General    

Starch   

Rice,  flour,   sand,  pow-  ) 
dered  bark    j 

Fixed  salts   

Earthy  salts  

More  than  2  per  cent,  of  ash 

Starch   I    ...    ...  ... 

Soft  fats,  paraffin,  etc. 

Resin  

Insoluble  portion  of  comb 

Flour  

Fat  acids,  Japan  wax 

Soap   ... 

Carbonates  and  other  oxa- 
lates   

Alumina   

General  

Soft  Fats     ...  '.  

Free  acid   

Other  organic  bodies  

General  

General  

Hydrocarbons   

Non-volatile  matter   

Alcohol  (?  impurity)  

Cinchonine  ...  

Foreign  organic  matter  ... 

Mineral  matter   

Foreign  organic  matter  ... 

Mineral  matter   

Mineral  matter   

Starch   

Powder  of  the  seeds  

Fixed  oils   

Turpentine   

Wood  oil   


Test. 


Carbolic  acid 


i 


Alumina,  Magnesia,  Fer-  I 
ric  Oxide,  Phosphates  ( 

Earthy  matter   

More  than  traces  of  Iron  ... 

Carbonates  (chalk)   

General    

Mucus,  crude  bile   

Sulphates   

General  


Effervescence  with  acids 

Solution  of  Potash,  etc  

Insolubility  in  acid  

Nitrate  of  Silver,  etc  

Quantitative  analysis   

Effervescence  with  acids 

Sacc.  sol.  of  Lime,  etc  

Quantitative  analysis   

Quantitative  analysis   

Iodine  (Green)  

Microscope,  after  exhausting 
withspt.  and  with  cold  water 

Non-volatility   

Incineration   

Incineration   

Iodine  

Melting-point   

Solubility  in  alcohol,  etc. 

Insolubility  in  turpentine 

Iodine  

Soda,  acid,  etc  

Water  and  acid,  etc  

Ash  sol.  in  acids  with  effer- 
vescence   

Insol.  hydrate  in  ammonia  ... 

More  or  less  than  48  per  cent, 
of  ash   

Melting-point   

Litmus-paper   

Sulphuric  acid  ...  

Quantitative  analysis   

Specific  gravity  

Sulphuric  acid  ...  

Residue  on  evaporation  

Lieben's  test   

Ammonia  after  tartrate,  etc.  ... 

Chars  with  sulphuric  acid  ... 

Incineration      ...    ...  s  

Chars  with  sulphuric  acid 

Incineration   

More  than  1  per  cent,  of  ash... 

Iodine  

Ether  extracts  oil  ...  

Soft  residue  on  evaporation  ... 

Odour  during  evaporation 
(  Soluble  in  absolute  alcohol 
{  Soluble  in  petroleum  spirit 

Oxidation   

Non-volatility  at  212°  F  

Dcxtro-rotation  of  polar,  ray... 

Crystallization  on  cooling 

Saccharated  sol.  of  lime,  etc. 
Sediment  in  infusion,  etc. 

Chlorine  and  ammonia   

Effervescence  with  acids 
Quantitative  analysis     ...  ... 

Incomplete  solubility  in  spirit 

Soluble  barium  salt,  etc  

Quantitative  analysis   
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Name  of  Preparation. 


Impurities. 


Test. 


Page. 


Ferri  Carbonas  Sac-  > 
charata    t 

Ferri     et  Ammonii 
Citras  

Ferri     et     Quininae  f 
Citras   ( 

Ferri  Peroxidum  Hy-  £ 


dratum 


Ferri  Phosphas  ...  i 

Ferri  Sulphas  

Ferri  Sulphas  Gran--, 
ulata  et  Exsiccata 

Ferrum  Redactum  | 

Ferrum  Tartaratum  | 
Glusidum   


Glycerinum  .. 


Gossypium    ^ 

Homatropinae  ( 

hydrobromas  \ 
Hydrarg.  Iod.  Rub.  ... 
Hydrarg.  Ox.  Flav.  ... 
Hydrargyri  Oxidtim  ( 

Rubrum    \ 

Hydrargyri       Per-  $ 

chloridum   ^ 

Hydrargyri       Sub-  ( 

chloridum   ( 

Hydrargyri  Sulphas  ... 
Hydrargyrum   

Hydrargyrum  Am- 
moniatum  

Hydrargyrum  ci 

Creta. 
Injectio     Morphines  $ 

Hypodermica  ...  ( 

J 

Jalapa   

Jalapa;  Resina    ...  | 

Limonis  Succus  

Liquor  Ammonias 


Iodu 


Sulphates   

General  

Tartrate  (of  Iron  and  Am- 
monium) ...  

General  

Potassium  or  Sodium  (salts) 
Potassium  or  Sodium  (salts) 

General  

Alkaloids  other  than  quinine 

Ferrous  hydrate  

Ferric  oxide  

Arsenium  (ferri  arsenias) 

General  

Ferric  oxysulphate  ... 
Ferric  compounds 

Copper,  etc  

General  

Less  than  50  per  cent. 

Sulphides   

Ferrous  compounds  ... 

General  

Other  organic  matter... 

General  

Chlorides   

iMetals   

Calcium  

Sulphates   

Acid  or  alkali   

Other  organic  matter... 
Formic  or  butyric  acid 

Fatty  matter   

Acid  or  alkali   

Mineral  matter   

Mineral  matter   

Atropine   

Fixed  salts   

Fixed  salts,  as  NaCl ... 

Fixed  salts   

Nitrates  (of  Mercury) 

Calomel  

Fixed  salts   

Corrosive  Sublimate  ... 

Fixed  salts   

Fixed  salts   

Fixed  metals      ...  ... 

Fixed  salts   

Excess  Chlor.  Ammon. 

General  

Mercuric  Oxide  ... 

Particles  of  solid  matter 

General  

Fixed  salts   

Cyanide  of  Iodine 

General  

Tampico  Jalap   

Resin   

Tampico  resin   

Deficiency  of  Citric  Acid 

General   f 


Soluble  barium  salt,  etc  

Quantitative  analysis   

Ebullition    with  potash  and 

saturation  with  acetic  acid  .. 

Quantitative  analysis   

Alkalinity  of  ash   

Alkalinity  of  ash   

Quantitative  analysis   

Pptd.  alkaloid  insol.  in  ether 
Red  prussiate  to  acid  solution 

Absence  of  moisture...   

Slip  of  copper  in  acid  sol. 

Quantitative  analysis   

Insolubility  in  water   

Ppt.  of  sulphur  in  aq.  sol.  by 

sulphuretted  hydrogen 

Sulphuretted  hydrogen  

Quantitative  analysis   

Quantitative  analysis   

Smell  of  H„S  with  HC1  ...  ... 

Red  prussiate  to  acid  solution 

Quantitative  analysis   

Sulphuric  acid  

Specific  gravity  

Nitrate  of  Silver,  etc  

Sulphydrate  of  Ammonium  ... 

Oxalate  of  Ammonium   

Soluble  barium  salt,  etc. 

Litmus   ... 

Sulphuric  acid  

Odour  with  dil.  sulph.  acid  ... 

Not  readily  wetted  

Litmus  

More  than  1  per  cent,  of  ash... 

Incineration   

Ammonia   

Non-volatility   

Non-volatility   

N  on- volatility   

Orange  vapour  on  heating  ... 

Insoluble  in  ether   

Non-volatility   

Treatment  with  ether   

Non-volatility   

Non-volatility   

Non-volatility   

Non-volatility   

Fusibility   

Quantitative  analysis   

Stannous  chloride  to  solution 

in  hydrochloric  acid   

Appearance   

Quantitative  analysis   

Non-volatility   

Physical  characters  

Quantitative  analysis   

Solubility  of  resin   

Solubility  in  turpentine  

Solubility  in  ether   

Quantitative  analysis   

Specific  gravity  

Quantitative  analysis   


364 
766 

384 
784 
103 
103 
818 
818 
180 
806 
194 
766 
161 

180 
298 
766 
784 
356 
180  . 
784 
Chars 
72S 
3" 
181 
128 

364 
103 

544 


103 
1 10 
1 10 

635 
239 
239 
239 
232 

234 
239 
234 
239 

239 
239 
239 
236 
789 

238 
822 
822 
3'7 
317 
769 
602 
602 
602 
382 
727 
744 


838 


APPENDIX. 


Name  of  Preparation. 

Impurities. 

Test. 

Page. 

1 

Liquor     Ammonias  rt 
Fortior  '1 

( 

Liq.  Antim.  Chlor.  \ 
Liq.  Arsenicalis  ... 
Liq.  Arsenici  Hy-  1 

drochloricus    ...  f 
Liq.   Bismuthi    et  I 

Ammonii  Citratis  / 

•Liq.  Calcis   

Liq.  Calcis  Chlorin-% 

atae    1 

Liq.  Calcis  Saccha-  j 

ratus   ' 

Liquor  Chlori  ... 

Liq.  Ferri  Dialysatus 
Liq.  Ferri  Aceta-  \ 

tis  Fortior    ...  , 
Liq.    Ferri  Per- 

chloridi  Fortior    ■  1 
Liq.  Ferri  Pernit.  I 
Liq.  Ferri  Persul- 

phatis    ' 

Liq.     Hydrargyri  J 

Nitratis  Acidus  ( 
Liq.  Lithiae  Efferves. 
Liq.  Magnesias  Car-  f 

bonatis    1 

Liq.    Plumbi    Sub-  ( 

acetatis    C 

Liquor  Potassae  ...  - 

Liquor      Potassae  $ 
Effervescens    ...  (. 

Liquor  Sodae      ...  J 

Liquor  Sodae  Clilo-C 

rinatae   1 

Liq-  Soda;  F.fferves.  .. 

General  impurity  or  defi- 
ciency   

Carbonates  

Calcium  (Chloride,  etc.)  ... 
Ferrous  Hydrate,  etc. 
Sulphur  salts  (AmHS) 

Chlorides   

Sulphates   

General  impurity  or  defi-  I 
ciency   1 

Deficiency  in  strength 

General  impurity  or  defi-  f 
ciency   ( 

General  quality   

Fixed  matter   

Deficiency  in  strength 
General  

Ferrous  salts   

General  impurity  or  de-  ( 

ficiency                   ...  (. 

Arsenic  (in  the  perchloride) 

Deficiency  in  strength 
Mercurous  salts  (nitrate)  ... 
Gen.  impur.  or  deficiency... 
Other  Magnesian  salts 
Gen.  impur.  or  deficiency... 
General  impurity  or  de-  ( 

ficiency    (. 

General  impurity  or  de-  ( 

ficiency    (. 

Carbonates    £ 

Calcium  salts   

1  Silica   

More  than  J  Sulphates 
traces  of  j  Chlorides 

V  Alumina  

Lead   

Deficiency  in  strength 
Bicarbonate  of  Sodium 
General  impurity  or  de-  $ 

ficiency    (. 

Calcium  salts   

Carbonate  (of  Sodium)  £ 

I  Silica   

More  than  I  Sulphates 
traces  of  ]  Chlorides 

\  Alumina 

Lead   ...  ... 

Gen.  impur.  or  deficiency 

Calcium  salts   

Deficiency  in  strength 

Specific    gravity   (726)  and 

Quantitative  analysis  

Lime-water  

Oxalate  of  Ammonium   

Sulphydrate  of  Ammonium  ... 
Ammonio-sulphate  Copper  ... 

Nitrate  of  Silver,  etc  

Soluble  barium  salt,  etc. 

Specific  gravity    J 

Quantitative  analysis     ...  j 

Quantitative  analysis     ...  ... 

Specific  gravity  

Quantitative  analysis   

Specific  gravity  

Residue  on  evaporation  

Quantitative  analysis   

Quantitative  analysis   

Ferricyanide  of  Potassium  ... 

Specific  gravity  

Quantitative  analysis   

The  copper  test  

Specific  gravity  

Hydrochloric  Acid  

Quantitative  analysis,  etc.  ... 
Bitter  taste  (MgCl2,  MgSO.) 

Quantitative  analysis   

Specific  gravity  

Quantitative  analysis   

Specific  gravity ...   

Quantitative  analysis   

Effervescence  with  acids 

Lime-water    

Oxalate  of  Ammonium   

Insol.  in  acid  after  evap.,  etc. 
Soluble  barium  salt,  etc. 

Nitrate  of  Silver,  etc  

Ammonia  to  acid  sol  

Sulphuretted  hydrogen   

Quantitative  analysis   

Tartaric  acid,  etc  

Specific  gravity...   

Quantitative  analysis   

Oxalate  of  Ammonium  

Effervescence  with  acids  

Lime-water  

Insol.  in  acids  after  evap.,  etc. 
Soluble  barium  salt,  etc. 

Nitrate  of  Silver,  etc  

Ammonia  to  acid  sol  

Sulphuretted  Hydrogen  

Quantitative  analysis   

Oxalate  of  Ammonium   

Quantitative  analysis   

744 

370 
128 
181 
357 
3" 
364 
727 
786 
763 
726 

788 
747 

770 
747 

727 
110 
769 
784 

180 
726 
784 
>94 

727 
238 
260 
132 
781 
727 

747 
727 
746 
37° 
37° 
128 
420 

364 
311 

157 
298 
746 

777 
726 
746 
128 
369 
369 
420 

364 
311 

■57 
298 
770 
128 
746 
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Name  of  Preparation. 


Lithii  Carbonas  ... 
Lithii  Citras  


f 

Lupulinura    -j 

Lycopodium   -j 


Impurities. 


Magnesia  Levis  ... 
Magnesia    Ponde-  -\ 
rosa    [ 

Magnesii  Carbonas 
Levis  

Magnesii  Carbonas 
Ponderosa  


Magnesii  Sulphas 
Manna  

Mel    | 

Morphinae  Acetas 
Morphinae  Hydrochl. 
Oleum  Terebinthinae 
Opium   

Paraldehydum    ...  \ 


Phenacetinum 


Phenazonum       ...  | 

Picrotoxinum   

Plumbi  Acetas   

Plumbi  Carbonas  / 
Plumbi  Oxidum  ...  ( 


Potassa  Caustica... 
Potassa  Sulphurata 


f 


Potassii  Acetas  ...  < 


Potassii  Bicarbonas 


Gen.  impur.  or  deficiency 

Calcium  salts   

Alumina   

Deficiency  in  strength 

More  than  15  per  cent,  ash 

More  than  40  per  cent.  ^ 
insol.  in  ether   J 

Starch,  etc  

More  than  5  per  cent,  of  ) 
mineral  matter   ) 

Carbonate  (of  Magnesium) 

Calcium  (Hydrate  or  Car- 
bonate)   

Sulphates  (of  Magnesium 
or  Sodium). 

Alumina   

Sulphates  (of  Magnesium 
or  Sodium)   

Calcium  (Carbonate)  

Iron,  Lead,  etc  .". 

Gen.  impur.  or  deficiency 

Calcium  (Sulphate)   

Iron  (Sulphate)  

General  impurities   

Deficiency  of  Mannite 
More  than  o'2  per  cent,  ash 
More  than  trace  of  sul-  \ 

phates    ) 

Starch  (flour)   

Basic  acetate   

General  impurities   

Petroleum  Spirit  

Deficiency  in  Morphine  ... 

General  

Acid   

Aldehyde   

Sulphates,  etc  

Chlorides   

Mineral  matter   

Other  Organic  Matter 

Acetanilide  

Mineral  Matter  

Acid   

Alkaloids   

General  

Sulphate  of  Lead  or  Ba- 
rium or  Silicates   

Calcium  (chalk)  

Carbonates  

Copper  (oxide)   

More  than  5"  Chloride 
traces  of  /.Sulphate 

General  impurities   

Excess   of  Carbonate  or 

Sulphate  

Iron,  etc  

Carbonate  of  Potassium  .., 

General  


Test. 


Quantitative  analysis   

Oxalate  of  Ammonium,  etc.  ... 

Lime-water,  etc  

Quantitative  analysis   

Incineration,  etc  

Digestion  in  Ether  

Microscope  

Incineration   

Earthy  matter  sinks  in  CS2  ... 
Effervescence  with  acids 
Oxalate    of   Ammonium  to 

acetic  or  other  sol.,  etc. 
Soluble  barium  salt,  etc  

Ammonia  to  acid  solution 

Soluble  barium  salt,  etc  

Oxalic  Acid,  etc  

Sulph.  Hydrogen  to  sol.  in 
acid  with  excess  of  Ammonia 

Quantitative  analysis   

Oxalate  of  Ammonium   

Chlorinated  Lime  or  Soda  ... 

Quantitative  analysis   

Quantitative  analysis   

Incineration   

Soluble  barium  salt,  etc. 

Iodine  

Quantitative  analysis   

Quantitative  analysis   

Distilling  points,  etc  

Quantitative  analysis   

Melting-  and  boiling-point  ... 

Neutrality  ...   

Alkali  ...  

Soluble  barium  salt  

Nitrate  of  Silver   

Incineration   

Sulphuric  acid  

Phenyl-isonitrile   

Incineration   

Neutrality  

J  Mercuric  Chloride,  Platinic 
\     Chloride,  Tannin   

Quantitative  analysis   

Insolubility  in  Acetic  acid  ... 

113,  246, 

Oxalate  of  Ammonium  after 
removing  Lead   

Effervescence  with  acids 

Ammonia  to  acid  solution 

Nitrate  of  Silver,  etc  

Soluble  barium  salt,  etc. 

Quantitative  analysis     ...  ... 

More  than  50  per  cent,  in- 
soluble in  spirit   

Sulphydrate  of  Ammonium  ... 

Effervescence  with  acids  ; 
alkalinity  ;  insol.  in  spirit  ... 

Quantitative  analysis   
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Name  of  Preparation. 


Potassii  Bromidum 


Potassii   Carbonas  - 

Potassii  Chloras 
Potassii  Citras  ... 

Potassii  Cyanidum 

Potassii  Ferricy.  ... 

Potassii  Iodidum 

Potassii  Nitras  ... 

Potassii  Permang. 

Potassii  Sulphas  ... 

Potassii  Tartras  ... 
Potassii  Tart.  Acida 

Quininse  Sulphas 

Rhei  Radix  

Santoninum  

Sapo  Durus  

Sapo  Mollis  

Scammoniae  Resina 

Scammonium 

Sinapis  

Soda  Caustica 
Soda  Tartarata  ... 
Sodii  Arsenias 
Sodii  Benzoas 

Sodii  Bicarbonas 

Sodii  Bromidum 

Sodii  Carbonas  ... 
Sodii  Hyposulphis 


Free  Bromine 

Iodides   

General  

Carbonates  ... 
Sulphates 
Bromates 


More  than 


(  Silicate 


:ha,n  3  Sulphate  ... 
traces  of  \ch£ride 

General  

Chloride  (of  Potassium)  ... 

Calcium  (Chloride)   

General  

Iron   

Sulphates   

General  

Ferrocyanide   

Iodate  (of  Potassium) 
Chloride  (of  Potassium)   . . . 
Carbonate  (of  Potassium)  .. 

General  

Sulphate  (of  Potassium)  . . . 
Chloride  (of  Potassium)  ... 

General   

Acid  Sulphate  of  Potassium 

Calcium   

General   

Salicin  

General  

Turmeric   

Mineral  Matter  

Earthy  Soaps,  etc  

Oil-.   ,  

Potassium  compounds 

Earthy  Soaps,  etc  

Oil  

Resin  of  Guaiacum   

Resin  of  Jalap    ••• 

Carbonate  (of  Ca  and  Mg) 

Starch  (flour)  _   

General  impurities   

Starch  (flour)   

More  thanf  Chloride 

traces  of  X  Sulphate 

General  impurities   

General  • 

Excess    or    deficiency  of 
water  of  crystallization. 

General  

General  

Neutral  Carbonate   

More  than  (  Chlorides 

traces  of  (.Sulphates  ... 

General  

Iodides   

General  • 

Excess  or    deficiency  of 

water  of  cryst.,  etc. 
More  than  f  Chlorides  ... 

traces  of  I  Sulphates  ... 
General  


Odour  

Chlorine-water  and  Starch 
Quantitative  analysis 
Sacc.  solution  of  Lime  ... 
Soluble  barium  salt,  etc. 
Colour  with  dilute  acid  ... 
Insol.  acids  after  evap.,  e 
Soluble  barium  salt,  etc. 
Nitrate  of  Silver,  etc. 
Quantitative  analysis 
Nitrate  of  Silver,  etc. 
Oxalate  of  Ammonium  ... 
Quantitative  analysis  ... 
Ferrocyanide  of  Potassium 
Soluble  barium  salt,  etc. 
Quantitative  analysis 

Ferric  salt  

Tartaric  acid  and  Starch 
Nitrate  of  Silver,  etc.  ... 
Sacc.  solution  of  Lime  ... 
Quantitative  analysis  ... 
Soluble  barium  salt,  etc. 
Nitrate  of  Silver,  etc. 
Quantitative  Analysis  ... 

Test-paper  

Oxalate  of  Ammonium  . . . 

Quantitative  analysis  ... 

Sulphuric  Acid  .. .  

Quantitative  analysis 

Boric  Acid  

Incineration  ...   

Insolubility  in  spirit 

Oily  stain  to  paper  

Deliquescence  of  ash 
Insolubility  in  spirit 

Oily  stain  to  paper  

Potato-paring   

Insolubility  in  ether  >  ... 
Effervescence  with  acids 

Solution  of  Iodine   

Quantitative  analysis 

Solution  of  Iodine   

N  itrate  of  Silver,  etc. 
Soluble  barium  salt,  etc. 
Quantitative  analysis 
Quantitative  analysis 
Quantitative  analysis 

Quantitative  analysis 
Quantitative  analysis 

Mercuric  Chloride   

Nitrate  of  Silver,  etc.  ... 
Soluble  barium  salt,  etc. 
Quantitative  analysis  ... 
Chlorine  and  Starch 
Quantitative  analysis  ... 
Quantitative  analysis 

Nitrate  of  Silver,  etc.  ... 
Soluble  barium  salt ...  .. 
Quantitative  analysis 


312 
318 
758 

369 
364 

346 
420 
364 

3" 
748 
311 
128 

749 
181 
364 
7=8 
181 

79 
3" 
369 

759 
364 
311 
768 

io3 
128 

749 
626 
817 
394 
1x0 

549 
549 
549 
549 
549 
549 
606 
369 
564 
606 
564 
3" 
364 
748 

749 
759 

785 
75° 
239 
3" 
364 
748 
318 
748 
748 

31 1 
364 
763 
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Name  of  Preparation. 


Sodii  Hypophosphis 

Sodii  Iodidum    ...  ^ 

Sodii  Nitras  ...  ^ 
Sodii  Nitris   j 

Sodii  Phosphas  ... 
Sodii  Salicylas  ... 

Sodii  Sulphas  ... 

Sodii  Sulphis   

Sodii  Sulphocarbol.  ... 

Sodii  Valerianas  

r 


Spiritus  ^Etheris 
Nitrosi   


iae  | 


Spiritus  Ammon 
Aromaticus 

Spiritus  Chloroformi 

Spiritus  Rectifica- 
tus   

Spiritus  Tenuior  

Strychnina    j 

Sulphonal   

Sulphur  Praecipita-  J 
turn    ( 

Sulphur    Sublima-  / 
turn    ^ 

Sulphuris  Iodidum  ••• 

Syrupus  

Tamarindus   ••■ 

Veratrina    ■•• 


Zinci  Acetas., 


Zinci  Carbonas  ... 


Impurities. 


Carbonates   

Phosphates  or  Phosphites 

Calcium   

General  

Iodates  

Chlorides   

Carbonates  

Chlorides  (of  Sodium) 
Sulphate  (of  Sodium) 
More  than  5  per  cent. 

Oxalates   

More  than  trace  of  Sulphate 
Deficiency    or    excess  of 

water  of  crystallization. 

Sulphates   

Chlorides   

Carbonates  

Abnormal  organic  matter 
Ammonium  salts       ...  }_ 

Ferric  salts   ) 

General  

Excess    or    deficiency  of 

water  of  crystallization. 

Hyposulphite   

Sulphates   

Free  Carbonate  of  Sod-  ( 

ium    \ 

General  

More  than  trace  of  free  acid 


Deficiency  of  nitrous  ^ 
compounds.  j' 

General  

Deficiency  of  Ammohia.  ) 
„       „  Carbonate.  J 

General  

General  (excess  of  water)... 

Resin  or  oil  ...    ...    ...  ... 

More  than  traces  of  Fusel 
Oil,  etc  

General  (excess  of  water) ... 

Brucine  

Mineral  matter   

Mineral  matter   

Sulphate  of  Calcium  ...  -| 

Earthy  matter   

Trace  of  acid   

Sulphide  of  Arsenium 

Deficiency  of  Iodine  

Deficiency  of  Sugar   

Traces  of  Copper   

Mineral  matter   

Sulphates   

Chlorides   

Metals  (As,  Cd,  Cu,  Pb)  ... 

Iron  (Acetate)   

Copper  (Acetate)  

Sulphates   

Chlorides   

Copper  (Carbonate)   


Test. 


Page. 


Effervescence  with  acid  

Acetate  of  Lead   

Oxalate  of  Ammonium   

Permanganate  of  Potassium  ... 
Tartaric  Acid  and  Starch 

Nitrate  of  Silver,  etc  

Sacc.  solution  of  Lime   

Nitrate  of  Silver,  etc  

Soluble  barium  salt,  etc. 

Quantitative  analysis   

Chloride  of  Calcium   

Soluble  barium  salt,  etc  

Quantitative  analysis   

Soluble  barium  salt,  etc. 
Nitrate  of  Silver,  etc,  ... 

Effervescence  with  acid  

Chars  with  Sulphuric  Acid  ... 

Solution  of  Potash  heated  -j 

Quantitative  analysis   

Quantitative  analysis   

Acids  liberate  Sulphur   

Soluble  Barium  Salt,  etc. 

Test-papers   

Insolubility  in  spirit   

Specific  gravity  

More  than  "  feeble "  effer- 
vescence with  bicarbonate 
of  sodium   

Quantitative  analysis   

Specific  gravity  

Quantitative  analysis   

Specific  gravity  

Specific  gravity  

Opalescence  on  dilution  

Nitrate  of  Silver,  etc  

Specific  gravity'  

Nitric  Acid  

Incineration   

Incineration   

Microscope   

Residue  on  ignition   

Incineration   

Litmus-paper   

Ammonia   

Quantitative  analysis   

Specific  gravity  

Iron   

Incineration   

Soluble  barium  salt,  etc  

Nitrate  of  Silver,  etc  

Sulphuretted  Hydrogen  

Nitric  Acid  ;  Ammonia  

Ammonia   

Soluble  barium  salt,  etc. 

Nitrate  of  Silver,  etc  

Ammonia  to  acid  solution 


3« 
298 
181 
219 
364 

311 
219 
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Name  of  Preparation. 

Impurities. 

Test. 

Page. 

Zinci  Chloridum  ...  ^ 

Zinci  Oxidum 

Zinci  Sulphas  ... 

Zinci  Sulphocarbo-  j 
las    1 

Zinci  Valerianas  ...  £ 

Metals  (As,  Cd,  Cu,  Pb)  ... 

Sulphates   

Calcium  (Chloride)   

Ferrous  salts  (Chloride)  ... 
Ferric  salts  (Chloride) 
Carbonate  (of  Zinc)  ...  ... 

Sulphates  (Sodium  or  Zinc) 

Chlorides   

Copper  (Oxide)   

Metals  (As,  Cd,  Cu,  Pb)  ... 

Iron  (Sulphate)    £ 

Copper  (Sulphate)   

Sulphates   

Calcium   

Sulphate  (of  Zinc)   

Butyrate  (of  Zinc)   

Sulphuretted  Hydrogen  

Soluble  barium  salt,  etc  

Oxalate  of  Ammonium   

Ferricyanide  of  Potassium  ... 
Ferrocyanide  of  Potassium   . . . 
Effervescence  with  acids 
Soluble  barium  salt,  etc. 

Nitrate  of  Silver,  etc  

Ammonia  to  acid  solution 

Sulphuretted  Hydrogen  

Tincture  of  Galls  ...   

Nitric  Acid  ;  Ammonia  

Ammonia   

Soluble  barium  salt,  etc  

Oxalate  of  Ammonium   

Soluble  barium  salt,  etc. 
Acetate  of  Copper,  etc  

298 
364 
128 
180 
181  . 

369 
364 
311 
219 
298 
424 
181 
219 
364 
128 
364 
430 
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APPENDIX. 


THE  ELEMENTS. 


Aluminium  (A1„VI)  

Antimony  (Sbm)  

Arsenium  (As111)  (74'9'  Ke8Sler)  

Barium  (13B'84'  Marignac  ;  13712  if  0=16) 

Beryllium  (or  Glucinum)  (9'3'  Awd«ew : Kllltzu) 
Bismuth  (Bim)  (210' Dumas ;  207'5' if  °=15'96)  .  . 
Boron  (10  9,  Berzellus  *  10  97,  clMke) 

£r0EQ]ne  (7975,  Stas;  79-96,  if  0=16) 

Cadmium  (1117- Lenssen)  

CcBSiuiH  Q-^'?>  J°nnBon  &  Allen,  Bunseii  ;  133,  if  0=16^ 
CalciuiB  (39'9,  Krdniann  aud  Marchand  ;  40,  U  0=1$} 

Carbon  (Cn)  

Cerium  (CeIH)  (138'  Meudelejeff)  

Chlorine  (M  :i68'st,ls)  35-4,  if  0=16     .    .  . 

Chromium  (Cr,VI)  (6-  08' siewert)  

Cobalt  (Co11)  

Copper  (63-12,  Millou  &  Commaille ;  63 '3,  il  0=16)  _ 

Didymium  (?)  

Erbium  (?)  

Fluorine  (18'96,  Luca'  L01^64)  ....... 

Germanium  (723-  apM™***")  

Gallium  

Glucinum,  see  Beryllium  

Gold  (Au1)  (19fi Berae,ius ;  19,i'04'  k™*  :  '"SS) 

Hydrogen  (1  0025  ifO=10)  

Indium  

Iodine  Q2S'B33> stas  >  J2"'88.  >f  0=16)  

Iridium  

Iron  (Fe11  &  Fe2VI)  (5V9-  ,)u"m8)  

Lanthanium  (138:85'  Clarke,  Moyer . uul  Seubert)    .  . 

Lead  (Pb11)  (a** stas)  

Lithium  

Magnesium  (s4-4.v«i.taPi«ta1o.twaM)  #    ,    _  , 

Manganese  (Mn11  &  MnIV)  (54'8'         8<">") . 

Mercury  (1D9'8'  Brdmann  *  Msxohuiii ;  200  1  to  200  •),  others) 

Molybdenum  ("*»•»»!  De"my)  

Nickel  (Ni11)  

Niobium  

Nitrogen  (N1  &  N111)  (woo9.8t«;wo4,«o-io)  , 

Osmium  (20°- 0,tw,lM)  

Oxygen  (iw«   


Symbol 

and 
Atomic 
Value. 

A1IV 

Sbv 

Asv 

Ba11 

Be" 

Biv 
Bin 

Br1 

Cd11 

Cs1 

Ca" 
Crv- 

CeVI 

CI1 

CrVI 

CoVI 

Cun 

Dn 

Eb111 

F1 

Ga 

Au111 
H1 
InVI 
1L 

Irrv 

Fevl 

La"1 

Pb,v 

L1 

Mg" 

MnVI 

Hg" 

MoVI 

NiVI 

Nbv 

Nv 

Os,v 

0" 
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Palladium    .    .    .    .  •  

Phosphorus  (Pm)  (30^Schr8tter).  .  .  , 
Platinum  (194  9- 1/0 =18)  , 

PotaSSium  (SS'MStas;  39 1,110  =  18)  .  .  .  , 
Rhodium  (1041'  Berzelius)  ...... 

Rubidium  (85  -•  B™seu)  

Ruthenium  (103'5'  Berzeiius)  

Scandium   .    .  . 

Selenium  (or  Selenion)  (79- vari0U8  o,,5eiv"'s) 

Silicon  (28'3' clMke)  

Silver  (10',ti6  stas ;  107  93,  if  o  =16) 
Sodium  (--'9S  stas  i 23  05. if  °=1(i) 

Strontium   .' 

Sulphur  (S11  &  SIV)  

Tantalum  (183'8' v,iu  for  piaats,  ostwaid) 
Tellurium  (128,  Mijyer  iUKi  seubertj 
Thallium  (20S'B- Cr°°kes)  ....... 

Thorinum  (or  Thorium)  (-34>  c'n*e)  _ 
Tin  (Sn11)  (117'4,  Dumils ;  ^'sr,  ciarko) 

Titanium  («>. Clarke)  ! 

Tungsten  (iss-e,  uh=i)  

Uranium  (2:)9'8'  Ebolmen)  

Vanadium        CIarke)  !  ' 

Ytterbium  

Yttrium  (89' 08twa,d)  

Zinc  (84'7, Axel  Erdmnnu ;  65  ostwaM) 

Zirconium  (8BS7,  Clarke;»07,  Ostwald) 


Symbol 

and 
Atomic 
Value. 


Pdlv 

pv 
PtIV 

K1 

RhIV 

Rb1 

RuIV 

Sc 

SeIV 

SiIV 

Ag1 

Na1 

Srn 
gvi 

Tav 

TeVI 
T1nr 

Thn 

SnIV 
Tiiv 

WVI 
Tjvi 

vv 

Yb 
yni 

Zn11 
ZrIV 


Atomic 
Weight. 


106-2 

31 

194-4 
39 

104-3 

85-4 
104-2 

44 

78-9 

28 
108 

23 

87-5 

32 
182 
125 
204 
233 
118 

48 
184 
240 

51 
173 

90  • 

64-9 

90-4 


The  quantivalence  or  atomic  value  (for  combination  or  exchange)  of  some  elements 

^n^fnc  yVV^mbie:  m  th0  above  Tab,e  the  Ml  coefficients  are  given  in  the 
column  of  symbols,  other  common  values  in  brackets 
Atomic  weight*  were  somewhat  obscurely  termed  equivalents  by  Wollaston. 

r-xnlri jl^Vll*  En  th°  abov°  exist.  They  are  very  rare.  Some  of  the  rarer  so- 
called  elements  may  not  be  truly  elementary 

m™£%«  ™™e3£^  at0™c  weights  of  ele- 

KfJSSi?™  ■ yX  ght  y  ^om  ^  to  time< in  accordance  with  the  advancement  of 
S  „„,?ta  J„  6  dlrectl.°n8  of  P«rity  of  materials  and  improvements  in  manipula- 
»nn  wfp^t,3  \  8.moae8  of  research  and  realization  of  chemical  and  physical 
Hmfltm!  *i™«?ng8tf  elements.  Atomic  weights  have  also  been  founded,  at  different 
n-  A'-m.  S  ,(,°n"Wr  s,tartinS  Points,  namely  :  H  =  l  and  0  =  16;  H  =  land 
^,li^^r».H.and  H=\;0025-  In  the  foregoing  table  the  atomic  weights 
"nlliHh  HSffiMS"  Whlch'  as  a  rule-  at  Present  "m  u°  f"«nd  m°re  useful  to 
L  v™,S      ?        Pha^aceut.cal  workers.   See  a  suggestive  paper,  with  lists, 


[For  Errata  see  the  last  page  of  the  Index.] 


Abies  balsamea,  492,  509. 

—  excelsa,  507. 
Abri  radix,  601. 
Abrin,  601. 

Abrus precatorius,  60 1. 
Absinthe,  595. 
Absinthin,  595. 
Absinthol,  497. 
Absolute  alcohol,   527,  713 
726. 

Absorption  spectra,  669. 
Acacia  catechu,  425. 

—  suma,  425. 
Acacia  gummi,  126. 

 impurities  in,  833. 

Acetal,  579. 
Acetamide,  514. 
Acetanilide,  514,  649  (table). 
Acetanilidum,  514. 

—  impurities  in,  833. 
Acetate  of  ammonium,  99. 
 solution  of,  100. 

—  amyl,  485. 

—  copper,  218. 

—  ethyl,  351,  484. 

—  iron,  171,  351. 

—  lead,  242. 

—  morphine,  617. 

—  potassium,  71. 

—  sodium,  87. 

—  zinc,  149. 
Acetates,  347. 

—  analytical  reactions  of,  351. 

—  decomposition  of  aqueous 

solutions  of,  349. 
Acetic  acid,  347,  349,  472. 

 anhydrous,  349. 

 constitution  of,  460,  472. 

 glacial,  349. 

 volumetric  estimation  of 

free,  753. 

—  aldehyde,  575. 

—  anhydride,  349. 

—  ether,  351,  484. 

—  series  of  acids,  576. 

 relations  of,  584. 

Acetone,  351,  594.  • 
Acetonitrate  of  barium,  141. 

—  iron,  177. 
Acetonitrile,  575. 
Acetophenone,  594. 
Acetoximes,  61 
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j  Acetum,  348. 
1  — cantharidis,  348. 

—  impurities  in,  833. 

—  ipecacuanhte,  642. 

—  scillce,  348. 
Acetyl,  348. 

—  chloride,  472. 
Acetylene,  491. 

—  series    of  hydrocarbons, 

4?i-        ,  . 
Acetylenes,  relations  to  par- 
affins and  olefines,  489. 
Acid  carbonate  of  potassium, 
74- 

 of  sodium,  88. 

—  salts,  75,  77,  353. 

—  solution  of  arsenic,  189. 

—  tartrate  of  potassium,  63, 

77,  83,  37°- 
Acidimetry,  755. 
Acids,  of  acetic  series,  576. 

—  acrylic  series,  585. 

—  analytical    detection  of, 

437-         '  , 

—  antidotes  to,  306. 

—  benzoic  or  aromatic  series, 
585- 

—  cinnamic  series,  589. 

—  definition  of,  304. 

—  dibasic,  590. 

—  free,  estimated,  752. 

—  glyoxylic  series,  584. 

—  hexabasic,  592. 

—  hydroxybenzoic  series,  586. 

—  lactic  series,  583. 

—  malic  series,  591. 

—  of  chlorine,  341. 

—  of  phosphorus,  415,  416. 

—  organic,  575. 

—  phthalic  series,  591. 

—  polybasic,  592. 

—  quantitative  estimation  of, 

7S;«. 

—  succinic  series,  590. 

—  sulphonic,  529. 

—  table  showing  relations  of 
acetic,  lactic,  and  gly- 
oxylic, 584. 

 acetic  and  dibasic 

series,  593.  _ 
 •  —  benzoic  and  hy- 
droxybenzoic, 587. 
8  47 


Acids,  tartaric  series,  591 

—  tetrabasic,  592. 

—  tribasic,  592. 

—  trihydroxybenzoic  series, 

589. 

Acidulous  radicals,  formula; 

and  quantivalence  of,  68, 

136,305. 
 qualitative  detection  of , 

432-     .     .  . 
 quantitative  estimation 

of  salts  of,  794. 
 Tables   to  aid    in  the 

detection  of,  436,  437. 
Acidum  aceticum,  349. 

 impurities  in,  833. 

 dilutum,  349. 

 glaciate,  349. 

 impurities  in,  833. 

—  arseniosum,  187. 

—  benzoicum,  396. 

—  boricum,  394. 
 impurities  in,  833. 

—  carbolicum,  539. 
 liquefactum,  539. 

—  chromicum,  274. 
 impurities  in,  833. 

—  citricum,  380. 
 impurities  in,  833. 

—  gallicum,  426. 
 impurities  in,  833. 

—  hydrobromicum  dilutum 

313. 

 impurities  in,  833. 

—  hydrochloricum,  22,  308. 

 impurities  in,  833. 

 dilutum,  308. 

—  Iiydrocyanicum  dilutum, 

326. 

 impurities  in,  833. 

—  lacticum,  411. 

 dilutum,  411. 

 impurities  in,  833. 

—  mcconicum,  412. 
 impurities  in,  833. 

—  nitricum,  335. 

 impurities  in,  834. 

 dilutum,  335. 

—  nitro  hydrochloricum  dilu- 

tum, 211,  336. 

—  olcicum,  547. 

 impurities  in,  834. 
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Aciduin  oxalicunt,  impurities 
in,  834. 

—  phosphoricum  concetitra- 

turn,  387. 

 dilution,  387. 

 impurities  in,  834 

—  salicylicum,  586. 
 impurities  in,  834 

—  sulphuricum,  363. 

 aromaticum,  364 

 dilutum,  364. 

 impurities  in,  834 

—  sulphurosum,  358. 
 impurities  in,  834, 

—  tannicum,  423. 
 impurities  in,  834 

—  tartaricum,  375. 

 impurities  in,  834 

Acipenser,  655. 
Acokanthera,  603. 
Aconine,  633. 
Aconiti ferocis  radix,  633. 
— folia,  632. 

—  hcterophylli  radix,  634. 
. —  radix,  632. 
Aconitia,  632. 

Aconitic  acid,  382. 
Aconitina,  632. 

—  impurities  in,  834. 
Aconitine,  632. 
Aconitum fcrox,  633. 

—  heterofi/iyllum,  633. 

—  napcllus,  632. 
Acorin,  500. 
Acorus  calamus,  500. 
Acrinyl  sulphocyanate,  537. 
Acrolein,  544. 

Acrylic  acid,  585. 

—  aldehyde,  544. 
Actea  racemosa,  608. 
Adeps  benzoatus,  550. 

—  lame,  548. 

 impurities  in,  834. 

 hydrosus,  548. 

 impurities  in,  834. 

— prceparatus,  550. 

 impurities  in,  834. 

Adhesion,  57. 

Adipocere,  654. 

Adraganthin,  570. 

Advice  to  students,  xvii.j  45?- 

SEglc  Marmelos,  425. 

Aerated  bread,  560. 

—  water,  91. 
.lEsculin,  642. 
Mtlur,  531. 

—  impurities  in,  834. 

—  aceticus,  484. 

 impurities  in,  834. 

—  purus,  534. 

 impurities  111,  834. 

Affinity,  chemical,  32. 

—  units  of,  56,  135. 
Agate,  418. 

Air,  composition  of,  18. 

—  gas  burner,  13. 

—  influence  of  animals  and 

plants  on,  9. 


Air,  nitrogen  in  the,  16. 

—  oxygen  in  the,  4. 

—  relative    weights   of  the, 

18. 

—  weight  of  1  cubic  cent. ,  732. 

 of  100  cubic  inches,  733. 

Ajowan  oil,  495. 

Ajwain  oil,  495. 

—  flowers,  495. 
Ajwainka-puhl,  495. 
Alabaster,  114. 
Albumen,  649. 

—  detection  of,  in  urine,  685. 

—  ovi,  649. 

—  vegetable,  654. 
Albumenoids,  650,  654. 
Albumens,  654. 
Albumins,  654. 
Albumoses,  654. 
Alchemy,  2,  216. 
Alcohol,  absolute,  527,  713, 

726. 

—  allylic,  536. 

—  amylic,  429,  534. 

—  benzylic,  543. 

—  butylic,  430,  534. 

—  cetyhc,  536. 

—  cerylic,_536. 

—  cinnamic,  589. 

—  decylene,  538. 

—  ethylic,  523. 

—  from  sugar,  524. 

—  hydroxybenzylic,  543. 

—  impurities  in,  834. 

—  melissic,  536. 

—  methylic,  521. 

—  pentylic,  534. 

—  phenic,  539. 

—  propargyl,  491. 

—  propenyl,  544. 

—  propylic,  534- 

—  purity  of,  522,  529,  700. 

—  quantitative  estimation  of, 

827. 

—  real,  527,  726. 

—  salicylic,  543. 

—  test  for,  528. 

—  tolyl,  543. 
Alcohol  amy licuiit,  429. 
 impurities  in,  834. 

—  cthylicum,  523. 

 impurities  in,  834. 

Alcoholates  of  bromal,  582. 

—  of  chlorah.  581. 
Alcoholic  drinks,  526. 
Alcoholometer,  727. 
Alcohols,  520. 

—  allylic  series,  536. 

—  benzylic,  543. 

—  dihydric,  488,  543. 

—  ethylic  series,  520. 

—  hcxhydric,  553. 

—  monhydric,  520. 

—  pcnthydric,  553. 

—  primary,  521. 

—  saligerun,  543. 

—  secondary,  521. 

—  tertiary,  521. 


Alcohols,  tetrahydric,  553. 

—  trihydric,  544. 
Aldehyde,  576. 

—  acrylic,  544. 

—  benzoic,  396,  515,  586. 

—  cinnamic,  497. 

—  cumic,  497. 

—  euodic,  500. 

—  formic,  576. 

—  glycollic,  488. 

—  lauric,  500. 

—  orthohydroxybenzoic,  588. 

—  oxalic,  488. 

—  parahydroxybenzoic,  5S8. 

—  rutic,  50c. 

—  salicylic,  485,  544,  S88- 

—  test  for,  577. 
Aldehydes,  575. 

—  general  reactions,  575. 

—  general  formation,  575. 
Aldose,  556. 
Aldoximes,  615. 

Ale,  569. 

Alexandrian  senna,  597. 
Alizarate  of  potassium,  51 8. 
Alizarin,  518,  661, 
Alkalies/analytical  separation 
of  the,  109. 

—  antidotes  to,  306. 

—  quantitative  estimation  of 

the,  742. 
Alkalimetry,  750. 
Alkaline  carbonates,  volume- 

trie  estimation   of  the, 

747- 

—  earths,  141. 

—  solution  of  arsenic,  188. 
Alkaloids,  609. 

—  animal,  612. 

—  antidotes  to  the,  616. 

—  nomenclature  of;  615. 

—  poisonous,  examination  for, 

676,  ct  seq. 

—  reagents  for,  681. 

—  vegetal,  612. 

—  vegeto-animal,  614. 
Alkanet,  661. 
Alkanna  tinctoria,  661. 
Alkyl  salts,  485,  576. 
Allotropes,  573. 
Allotropic  bodies,  573. 
Allotropy,  572. 
Alloxan,  428. 

Alloy,  223. 

Allyl  cyanide,  S38. 

—  sulphide,  538. 

—  sulphocyanate,  537. 
Allylene,  491. 

A  Hylic  scries  of  alcohols,  536. 

—  alcohol,  536. 
Almond-oil,  552. 
Almonds,  oil  of  bitter,  586, 

555- 

 test     for  nitro- 

benzol  in,  596.  , 
Aloe  barbatiensis,  518. 

—  socotrina,  518. 
Aloes,  518. 
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Aloins,  518. 

—  formula;  of,  519. 
Alstonia  cons  trie  ta,  641. 

—  scholaris,  641. 
Alstonicine,  641. 
Alstonine,  641. 
A  Itluza  officinalis,  570. 
Alum,  154. 

—  cake,  156. 

—  chrome-,  i5il  274. 

—  dried,  156. 

—  flour,  154. 

—  impurities  in,  834. 

—  iron-,  154. 

—  potash-,  154. 

—  roche  or  rock,  156. 

—  root,  426. 

—  soda-,  154. 
A  hi  men,  154. 

—  exsiccatum,  156. 
Alumina,  156. 
Aluminium,  153- 

—  analytical  reactions  of,  156. 

—  and  ammonium  sulphate, 

154. 

—  and  sodium,  double  chlor- 

ide of,  154. 

—  bronze,  154. 

—  chloride  of,  153. 

—  derivation  of  word,  25. 

—  detection  of,  in  presence  of 

iron  and  zinc,  183. 

—  hydrate,  156. 

—  oxide,  156. 

—  quantitative  estimation  of, 

783. 

—  separation  of,  from  chro- 

mium and  iron,  276. 

—  silicate,  154. 

—  steel,  154. 

—  sulphate,  156. 
Amalgam,  223. 

—  ammonium,  98. 
Amber,  420. 

—  oil  of,  421. 

American  pennyroyal,  498. 

—  turpentine,  492. 
Amianth,  419. 
Amidacetic  acid,  658. 
Amide-bases,  514,  609,  615. 
Amides,  235,  514. 
Amido-acet-phenetidin,  514. 
Amido-benzene,  514,  613. 

—  chloride  of  mercury,  235. 
Amido-succinamicacid,  591. 
Amidogen,  235,  514. 
Amines,  constitution  of,  514. 
Ammonia,  96,  97. 

—  acetate,  99. 

—  benzoate,  102,  397. 

—  carbonate,  100. 

—  citrate,  102. 

—  detected  by  Nessler's  test, 

745-  .  .  , 

—  fetid  spirit  of,  lor. 

—  gas,  composition  of,  97, 

.—  in  drinking  water,  745. 
A.C. 


Ammonia,  nitrate,  101. 

—  oxalate,  103. 

—  phosphate,  102. 

—  preparation  of,  97. 

—  solution  of,  98. 

—  sulphate,  98. 

—  type,  449- 

—  volcanic,  98. 

—  volumetric  estimation  of 

solutions  of,  744. 
Ammoniacal  liquor,  97. 

—  salts,  sources  of,  97. 
Amnioniacum,  510. 

A  mmonia  benzoas,  102,  397. 

—  carbonas,  100. 

—  liquor,  99. 
 fortior,  99. 

—  nitras,  101. 

—  phosphas,  102. 

—  sesquicarbonas  (see  Am- 

monii  Carbonas). 

—  spiritus  aromaticus,  101. 

 feetidus,  101. 

Ammoniated  mercury,  235. 
 varieties  of,  236. 

A  mtnonii    acetatis  liquor, 
100. 

 fortior,  100. 

—  benzoas,  102,  397. 
 impurities  in,  834. 

—  bromidum,  102,  314. 
 impurities  in,  834. 

—  carbonas,  100. 
 impurities  in,  810. 

—  chloridum,  97. 
 impurities  in,  810. 

—  citraiis  liquor,  102. 

—  nitras,  101. 

 impurities  in,  834. 

—  phosphas,  T02. 

—  sulphas,  98. 

Ammonio-chloride    of  mer- 
cury, 235. 

—  -citrate  of  iron,  172. 

—  -magnesian  phosphate,  134, 

3.9°-      ,  ., 
 nitrate  of  silver,  200,  237. 

 sulphate  of  copper,  200. 

 magnesium,  803. 

—  tartrate  of  iron,  176. 
Ammonium,  96. 

—  acetate,  99. 
 amalgam,  98. 

—  analytical  reactions  of,  106. 

—  and  bismuth,  citrate  of,  293. 

—  and  magnesium,  arseniate, 

134. 

 phosphate,  134,  390. 

—  and  platinum  double  chlo- 

ride, 107,  287. 

—  arseniate,  190. 

—  aspartate,  412. 

—  benzoate,  102,  397. 

—  bicarbonate,  101, 

—  bromide,  102,  314. 

—  carbamate,  100. 

—  carbonate,  100. 
 solution  of,  101. 


mmonium,  chloride,  97. 

chromate,  273. 
citrate,  102. 
cyanate,  400. 
derivation  of  word,  25. 
derivatives,  237. 
hydrate,  98. 
iodides,  316. 
molybdate,  391. 
nitrate,  101,  335. 
oxalate,  103. 
periodide,  316. 

—  phosphate,  102. 

—  potassium     and  sodium, 

separation  of,  109. 

—  quantitative  estimation  of, 

777- 

—  salts,  source  of,  97. 
 volatility  of,  107. 

—  sulphate,  98. 

 and    ferrous  sulphate, 

765-.  , 

—  sulphide,  104. 

—  sulphydrate,  104. 

—  tartrate,  107. 

—  urate,  428. 

-r-  volumetric    estimation  of 

carbonate  of,  745. 
Amomum  melegueta,  498. 
Amorphous  alkaloid,  628. 

—  meaning  of,  81. 

—  phosphorus,  386. 
Amphicreatinine,  612. 
Amrad,  570. 

Amygdala  amara,  552,  595. 

—  dulcis,  552,  595. 
Amygdalin,  595. 
Amyl.  acetate,  485. 

—  nitris,  415,  486. 
 impurities  in,  835. 

—  nitrite,  415,  486. 

—  valerianate,  429,  484. 
Amylamine,  610. 
Amylene,  487. 

—  hydrate,  535. 
Amylic  alcohols,  429,  534. 
Amyloids,  562. 
Amyloses,  562. 

Amy  him,  563. 

—  impurities  in,  835. 
Amyric  acid,  509. 
Amyrin,  509. 

Anacyclus pyrethrum,  507. 
Analogies  between  chlorine, 

bromine,  and  iodine,  316, 

323. 

Analogy  of  carbon,  boron, 
and  silicon,  420. 

—  of  oxygen,  sulphur,  selen- 

ium, and  tellurium,  354. 

—  of  sodium  and  potassium 

salts,  95. 

—  of  nitrogen,  phosphorus, 

arsenium  and  antimony, 
186,  392,  611. 
Analysis,  blowpipe,  440, 

-  442- 

—  gas,  427,  668. 

3  1 


850 


INDEX. 


Analysis,  gravimetric,  707, 
771. 

—  meaning  of  word,  64. 

—  of  gases  and  vapours,  668. 

—  of  insoluble  salts,  445,  et 

seq. 

—  of  medicines,  665. 

—  of  salts,  438. 

—  of  substances  having  un- 

known properties,  665. 

—  organic,  456. 

—  practical,  108,  298. 

—  proximate,  807. 

—  quantitative,  707. 

—  spectral,  303,  668. 

—  systematic,  for  the  detec- 

tion and  separation  of  the 
metals,  109,  138,  183,  211, 
253,  298. 

—  ultimate,  807. 

—  volumetric,  740. 
Analytical  chemists,  2. 

—  detection  of  the  acidulous 

radicals  of  salts  soluble 
in  water,  432. 

—  memoranda,  255,  2gg. 
Anamirta paniculata,  603. 
Anamirtin,  603. 
Anchusa  tinctoria,  661. 
Anchusin,  661. 

Andira  Araroba,  399. 
Andrograpkis  paniculata, 
608. 

Andropogon  citratns,  501. 

—  nardus,  497. 

—  schananilnis,  498. 
Aneroid  barometer,  709. 
Anethene,  495. 
Anethol,  495. 

Angelate  of  potassium,  495. 
Angelic  acid,  495. 

—  powder,  204. 
Angelica,  510. 
Angostura  bark,  false,  629. 

 true,  641. 

Angosturin,  641. 
Anhydride,  acetic,  349. 

—  antimonic,  204. 

—  antimonious,  204. 

—  arsenious,  187. 

—  boric,  393- 

—  carbonic,  366. 

—  chlorochromic,  275,  322- 

—  chromic,  274. 

—  molybdic,  391. 

—  nitric,  336,  338. 

—  nitrous,  336,  338. 

—  phosphoric,  171  387.  V3- 

—  phthalic,  591. 

—  silicic,  420. 

—  sulphocarbonic,  368. 

—  sulphuric,  364. 

—  sulphurous,  357. 
Anhydrides,  90,  352- 
Anhydrochromate  of 

sium,  273-  . 
Anhydrous  bodies,  90. 

—  arsenious  acid,  187. 


pota; 


Anhydrous  chromic  acid,  274. 

—  ferrous  chloride,  166. 

—  nitric  acid,  335. 

—  perchloride  of  iron,  165. 

—  stannic  sulphide,  281. 

—  sulphate  of  copper,  218. 
Aniline,  514,  613. 

—  blue,  664. 

—  colours,  664. 

—  green,  664. 

—  red,  664. 

—  yellow,  664. 
Animal  alkaloids,  612. 

—  charcoal,  122. 
 decolourizing  power  of, 

123. 

—  rouge,  398, 

—  starch,  567. 

Animals  and  plants,  comple^ 
mentary  action  of  air,  9. 
Aniseed-oil,  495. 
Anise-fruit,  495. 
Annatto,  661. 
Anode,  282. 
Anthemen,  495. 
Anthemidis fores,  495,  608. 
Anthemis  nobilis,  495. 
Anthracene,  518,  661. 
Anthracite,  277. 
Anthraquinone,  518. 
Antichlor,  359. 
Antidotes  to  acids,  306. 

—  alkalies,  306. 

—  alkaloids,  615. 

—  antimony,  210. 
 :  arsenic,  169,  201. 

—  barium,  113. 
_  carbolic  acid,  541. 

—  copper,  220. 

—  cyanides,  329. 

—  hydrochloric  acid,  312. 
_  hydrocyanic  acid,  329. 

—  lead,  246. 
_  mercury,  239. 

—  nitric  acid,  340. 

—  oxalic  acid,  373. 

—  silver,  253. 

—  sulphuric  acid,  365. 

—  tin,  282. 

—  zinc,  152. 
Antifebrin,  514. 
Antimonial  wine,  205. 
Antimonic  anhydride,  205. 

—  chloride,  204. 

—  oxide,  205. 

Antinwnii  chlortdi,  liquor, 

203. 

—  oxiauin,  204. 

 impurities  in,  834- 

Antimonious  anhydride,  204. 

—  chloride,  204. 

—  oxide,  204. 

—  oxychloridc,  204. 
Antimonium  nigrum  fiurtfl- 

cation,  202. 
 impurities  in,  834. 

—  snlp/iuratii»ix  206. 
 impurities  m,  834. 


A  ntimonium  tartaratuni, 

205,  37?-  . 

 impurities  in,  835. 

 quantitative  estimation 

of  antimony  in,  786. 
Antimoniuretted  hydrogen, 
209. 

Antimony,  202. 

—  analytical    reactions  of, 

208.  .     .  ! 

—  and    arsenic,  analytical 
separation  of,  211. 

—  and    potassium,  tartrate 
of,  205,  375. 

—  antidote  to,  210. 

—  black,  202. 

—  bromide,  203. 

—  butter  of,  203. 

—  chloride,  203. 

—  crocus,  202. 

—  crude,  202. 

—  derivation  of  word,  26. 

—  from  arsenic,  to  distinguish, 
211. 

—  glass,  203. 

—  hydride,  208. 
in  organic  mixtures,  de- 
tection of,  671. 

—  iodide,  203. 
oxide,  204. 

oxychloride,  204,  208. 

—  oxysulphide,  205. 

—  pentachloride,  204. 

—  potassio-tartrate,  205. 
quantitative  estimation  of, 

763,  786. 

—  solution  of  chloride  of,  203. 

—  sulphide,  202,  208. 

—  sulphur  salts  of,  207. 

—  sulphurated,  205. 

—  tartarated,  205. 

—  volumetric  estimation,  763. 
Antipyrin,  514. 
Antiseptic,  541,  544>  587- 
Antozone,  698. 
Apatite,  392. 
Apocynum,  6o3. 
Apomorphintr  hydrocliloras, 

621. 

Apomorphine,  620. 
Aporctine,  399. 
Apothecaries,  2. 
Apparatus,  xix.,  xx.,  4. 

—  for  experiments,  xix. 

—  for   volumetric  analysis, 


74i-  . 

—  lists  of,  xix. 
Apple-essence,  485. 

—  -oil,  485- 

—  -wine,  526. 
Aqua,  143. 

—  anctlii,  494- 

—  anisi,  494. 

—  aurantu,floris,  494- 
 impurities  111,  835. 

—  camphora;  503. 

—  carui,  494- 

—  chlorvformi,  479- 
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Aqua  cinnamomi,  835. 

—  cresoti,  540. 

—  destillata,  142. 

 impurities  in,  S35. 

— funiculi,  494. 
—/or/is,  335. 

 duplex,  335. 

 simplex, ^335. 

—  laurocerasi,  328,  596,  757 

—  menthie  piperitie,  494. 
 viridis,  494. 

—  piiiienlte,  494. 

—  regia,  211,  336. 

—  mif,  494,  499. 

—  sainbuci,  494. 
Arabic  acid,  570. 
Arabin,  126. 
Arabinose,  555. 
Arachidic  acid,  584. 
Arachin,  553. 
Arachis,  553. 

—  hypogo?a,  553. 

—  oil,  553- 

Araroba  powder,  399. 
Arbor  Diana,  252. 
Arbutin,  425,  597. 
Archil,  662. 
Arctium  lappa,  608. 
Arctostaphylos  uva  ursi,  597. 
Are,  719. 

Areca,  catechu,  425. 

—  nuts,  425. 
Arecaine.  425. 
Arecoline,  425. 
Arekane,  425. 
Areometers,  727. 
Argal,  vide  Acid  tartrate  of 

potassium. 
Argent  -  ammon  -  ammonium, 

nitrate  of,  237. 
Argenti  et  potassii  nitras, 

250. 

 impurities  in,  835. 

—  nitras,  248. 
 impurities  in,  835. 

—  oxidum,  251. 

 impurities  in,  835. 

Argentic  chloride,  sulphide, 

etc.,  vide  Salts  of  Silver. 
Argentiferous  galena,  248. 
Argentum,  26. 

—  purification,  250. 

 impurities  in,  835. 

Argol,  vide  Acid  tartrate  of 

potassium. 
Armenian  bole,  661. 
Armoracia  radix,  496. 
Arnatto,  661. 
Arnica  rkizoma,  505. 
Amicin,  505. 
Arnotto,  661. 
Aromatic  acids,  585. 

—  glycols,  543. 

—  series    of  hydrocarbons, 

512. 

Arrow-poison,  603. 
Arrowroot-starch  (fig.),  565. 
•  Arseniate  of  ammonium,  190. 


Arseniate  of  barium,  114,  201. 

—  calcium,  201. 

—  copper,  200. 

—  iron,  163,  191,  201. 

—  magnesium  and  ammo- 
nium, 134. 

—  silver,  200,  252. 

—  sodium,  191. 
 volumetric  estimation 

.  of,  759. 

—  zinc,  201. 

Arseniates,  190. 
Arsenic,  25,  187, 188. 

—  acid,  190. 
 solution  of,  190. 

—  and  arsenical  solutions, 
volumetric  estimation  of 
official,  762. 

—  anhydride,  190. 

—  antidotes  to,  169,  201. 

—  derivation  of  word,  25. 

—  in  carbonate  of  potassium, 
solution  of,  188. 

—  in  hydrochloric  acid,  solu- 
tion of,  189. 

—  odour  of,  189. 

—  white,  187. 
Arsenical  ores,  187. 

—  sulphur,  199. 
Arsenicum,  25,  189. 
Arsenide  of  cobalt,  269. 
Arscnii  iodiduiu,  187. 
Arsenio-sulphide  of  iron,  187. 

—  nickel,  271. 
Arsenious  acid,  188. 

—  anhydride,  188. 

—  oxide,  188. 

—  sulphide,  198. 
Arsenite  of  copper,  200,  220. 

—  potassium,  188. 

—  silver,  200. 

—  sodium,  188. 
Arsenites,  188. 
Arsenium,  187,  189. 

—  analytical  reactions  of,  192 

—  and  antimony,  analytical 
separation  of,  211. 

—  BettendorfFs  test,  198. 

—  bromide,  186. 

—  chloride,  186. 

—  detection  of,   in  metallic 
copper,  194. 

 of,  in  organic  mixtures, 

671. 

—  Fleitmann's  test  for,  197. 

—  from  antimony,  to  distin- 
guish, 211. 

—  hydride,  196. 

—  iodide,  187. 

—  Marsh's  test  for,  195. 

—  molecular  weight  of,  187. 

—  quantitative  estimation  of, 
785. 

—  red  native  sulphide  of,  187. 

—  reduction  of  arseniates  to 
arsenites,  190. 

—  Reinsch's  test  for,  194. 

—  sources  of,  187. 


Arsenium,  sulphide,  187, 

x99- 

—  yellow  native  sulphide  of, 
[87. 

Arseniuretted  hydrogen,  196. 
Arsines,  611. 
Art  of  chemistry,  2. 
Artemisia  absinthium,  595. 

maritima,  605. 
Artificial  alkaloids,  609. 

gastric  juice,  656. 
A safcetida,  510,  835. 
Asagrtea  officinalis,  648. 
Asbestos,  419. 
Asclepedin,  608. 
Asclepias  tuberosa,  608. 
Aselline,  552. 
Aseptol,  530. 
Ash,  no. 
black-,  94. 
bone-,  121. 

—  soda-,  94. 
Asparagine,  412,  591. 
Aspartate  of  ammonium,  412. 
Aspidospermine,  634. 
Aspirator,  water,  362. 
Asphalte,  509. 
Asymmetrical  atoms,  376. 
Assafcctida,  5 to. 
-ate,  meaning  of,  75,  79. 
Atees,  633. 
A.  jesine,  634. 
Atis,  633. 

Atmosphere,  aqueous  vapour 
in,  18. 

—  carbonic  acid  in,  368. 

—  composition  of,  18. 

—  minor  constituents,  18. 

—  nitrogen  in,  16. 

—  oxygen  in,  16. 
Atmospheric  pressure,  quan- 
titative determination  of, 
708. 

Atom,  definition  of,  58. 

—  weights,  definition  of,  59. 
Atomic  attraction,  155. 
Atomic  weights  as  in- 
dicated by, — 

chemical  "periodicity," 
45o. 

—  properties,  461,  471. 
density  of  gases  and  va- 
pours, 51,  54,  732- 
electricity,  737. 
isomorphism,  54. 
specific  heat,  735. 
substitution,  219. 
Atomic  proportions,  50,  225. 

—  theory,  29,  49,  53,  225,  451. 

—  weights,  50. 
Atomicity,  56. 
Atoms,  29,  et  scq. 

—  conception  of,  462. 

—  quantivalence  of,  56. 

 of,  definition  of,  60. 

Atropa  belladonna,  634. 
Atropia,  634. 

—  impurities  in,  835. 
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Atropina,  636. 
A  tropins  sulphas,  636. 

 impurities  in,  835. 

Atropine,  634. 
Attar  of  rose,  499. 
Attraction,  atomic,  155. 

—  molecular,  155. 
Aurantii  cortex,  496,  608. 
— fructus,  496. 
Auric  chloride,  284. 

—  sulphide,  284. 
Aurous  salts,  283. 
Aurum,  27.  _ 
Australian  kino,  425. 
Avence farina,  563. 
Avignon  grains,  660.  i 
Avogadro's     and    Ampere  s 

"  Law,"  52. 
Azadiracta  indica,  608. 
Azedarach,  608. 
Azo,  613. 
Azobenzene,  514. 
Azoimide,  615. 
Azoxybenzene,  514. 


Bacteria,  525. 
Bacterium  aceti,  577. 

—  mycoderma,  348. 
Bael  fruit,  425. 

—  mucilage,  570. 
Bahia  powder,  399. 

,  Baking-powder,  560. 
Balance,  716. 
Balloons,  coal-gas  for,  14. 

—  hydrogen  for,  14. 
Balm-of-Gilead  fir,  509. 
Balsam,  Canada,  492,  509. 

—  copaiva,  508. 

—  Gurjun,  508. 

—  of  Peru,  5°4>  589- 

—  of  storax,  504,  590. 

—  of  Tolu,  504,  59°- 
Balsamodendron  myrrlia, 

511. 
Balsams,  504. 

Balsamum  peruvianmn,  504 


 impurities  in,  835. 

—  tolutanum,  504,  590. 
Baptin,  636. 
Baptisia,  636. 
Baptism,  636. 
Baptitoxine,  636. 
Barbadoes  aloes,  518. 
Barbaloin,  518. 
Barberry,  637. 

Baric  chloride,  nitrate,  etc., 

vide  salts  of  Barium. 
Barium,  m. 

—  acetonitrate,  141. 

—  analytical  reactions  or,  112. 

—  and    calcium,  separation 

of,  from  magnesium,  139- 

—  antidotes  to,  113. 

—  arseniate,  114. 

—  carbonate,  112. 
 native,  11a. 


Barium,  chloride,  in. 

—  chromate,  113. 
 neutral,  113. 

—  derivation  of  word,  25. 

—  detection  of,  in  presence  of 

calcium  and  magnesium, 
127,  139. 

—  flame,  114. 

—  hydrate,  112. 

—  nitrate,  in. 

—  oxalate,  114,  372. 

—  oxida,  112. 

—  peroxide,  112. 

—  phosphate,  114,  392- . 

—  quantitative  estimation  of, 

778.  ,s 

—  salts,  antidote  to,  113. 

—  sulphate,  112. 

—  sulphide,  112. 

—  sulphite,  360. 

—  sulphocarbolate,  541. 
Barley  starch  (fig.),  565. 

—  sugar,  561. 
Barometer,  708. 
Barwood,  500,  661.  _ 
Baryta,  112. 

—  nitrate,  in. 

—  -water,  112. 
Barytes,  nitrate  of,  in. 
Basalt,  153. 
Base,  meaning  of,  304. 

—  organic,  467. 
Basic,  meaning  of,  304. 
Bassorin,  127,  570. 
Bastard  saffron,  662. 
Basylous  hydrocarbons,  467. 

—  radicals,  61,  136. 
Bath  brick,  418. 
Bauxite,  154. 
Bay-rum,  526. 

—  -salt,  85. 
Bearberry,  425. 
Beaver-tree,  608. 
Beberia,  or  beberine,  636. 
Beberinoz  sulphas,  636. 

 impurities  in,  811. 

Bebirine,  636. 
Beer,  526,  569. 
Beeswax,  536. 
Beetroot,  559. 
Behenic  acid,  584. 
Bela:  fructus,  425. 
Belladonna;  folia,  634. 

—  radix,  634. 
Bell-metal,  278. 
Bend  glass  tubes,  to,  6. 
Benne  oil,  553. 
Benzaldehyde,  580,  595- 

—  artificial,  596. 
Benzene,  5t3- 

—  disulphonic  acid,  542. 

—  nitro,  513. 

—  series     of  hydrocarbon 


Benzoate  of  ammonium,  102, 
3?7- 

—  of  iron,  398. 

—  of  sodium,  397. 
Benzoated  lard,  55°- 
Benzoates,  396. 

—  analytical    reactions  of, 


 constitution  of,  516- 

—  sulphonic  acid,  530. 

Benzin,  475,  5'3- 
Bcnzinc-Collas,  513. 


Benzodichloride,  398. 
Benzoene,  512,  515. 
Benzoic  acid,  396,  515,  585. 

—  aldehyde,  397,  515,  586. 
Benzoin,  397,  5°4- 
Benzoinum,  396,  504. 
Benzol,  513. 

Benzoline,  475. 
Benzotrichlonde,  397. 
Benzoyl  chloride,  586. 

—  ecgonine,  639. 

—  hydrate,  586,  639- 

—  hydride,  586. 

—  sulphonic  imide,  530. 
Benzyl  benzoate,  589. 
Benzyl  cinnamate,  589. 

—  derivatives,  515. 

—  hydrate,  586,  589- 
Benzylic  alcohol,  543,  589- 

—  alcohols,  539. 
Berbamine,  637.  . 
Berberine  or  Berbena,  637. 
Berberis  cortex,  637. 
Bergamot-oil,  496. 
Berlin  blue,  663. 

—  red,  661. 
Berthollet's  laws,  450. 
Beryllium,  844. 
Betaine,  615. 
Beta-naphtol,  517. 
Batel  nuts,  425. 
Bettendorffs  test  for  arseni- 

um,  198. 
Betula  lenta,  485. 
Bhang,  505. 
Bi-,  the  prefix,  75. 
Bibasic,  see  Dibasic. 
Bibirinc,  636. 
Biborate  of  sodium,  393- 
Bibulous  paper,  118. 
Bicarbonate   of  ammonium, 

100. 

—  potassium,  73. 

—  sodium,  88,  367. 

 chemically  pure,  743- 

_  —  lozenges,  92. 
Bicarbonates,  test  for,  371. 
Bichloride  of  mercury,  229. 
Bichromate    of  potassium 

273- 
Bikh,  633. 

Bile,  658.  .  „ 

_  detection  of,  in  urine,  08,. 

—  test  for  presence  of,  65S. 
Biliary  calculi,  702. 
Bimcconatc  of  morphine,  61U 
Binary  hypotheses,  333- 
Birch  oil,  485- 
Bish,  633. 
Bismuth,  290. 
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Bismuth,    analytical  re- 
actions of,  294. 

—  and  ammonium,  solution  of 

citrate  of,  293. 

—  carbonate,  292. 

—  citrate,  293. 

—  derivation  of  word,  27. 

—  hydrate,  294. 

—  iodides,  double,  292,  682. 
 lozenge,  292. 

—  nitrate,  290. 

—  oxide,  292. 

—  quantitative  estimation  of, 

788. 

—  salts,  composition  of,  291, 

292. 

—  subcarbonate  or    oxy  car- 

bonate, 293. 

—  subnitrate   or  oxy  nit  rate, 

291. 

—  sulphate,  293. 

—  sulphide,  294. 
Bismicthi  carbonas,  293. 
 estimation  of  bismuth 

in,  788. 
 impurities  in,  835. 

—  citras,  293. 

 impurities  in,  835. 

—  et  amnion  it  citras,  294. 
 impurities  in,  835. 

—  oxidum,  292. 
 impurities  in,  835. 

—  subnitras,  291. 

 impurities  in,  835. 

Bismuthum,  290. 

—  purification,  290. 

 impurities  in,  835. 

Bisulphide  of  carbon,  368. 
Bisulphite  of  lime,  359.  ' 

—  of  sodium,  359. 
Bitartrate  of  potash,  83. 
Bitter  almonds,  oil   of,  586, 

595- 

—  cassava,  564. 

—  orange-rind  oil,  496. 

—  principles,  608. 

—  sweet,  646. 
Bittern,  312. 
Bituminous  coal,  277. 
Bivalence,  56. 

Bivalent  radicals,  56,  68,  136. 
Bixa  orellana,  661. 
Bixin,  661. 

Black  alder  bark,  400. 

—  -antimony,  202. 
 ash,  94,  367. 

—  -band,  158. 

—  bone-,  122. 

—  cherry  bark,  596. 

—  colouring  matters,  663. 

—  dyes,  644. 

—  flux,  189. 

—  haw,  609. 

—  hellebore,  602. 

—  ink,  182,  664. 

—  -lead,  22. 

—  oxide  of  copper,  217. 
 of  iron,  158. 


Black  oxide  of  manganese, 
264. 

 of  mercury,  233. 

—  pepper,  645. 

—  snake-root,  608. 
Bladder-green,  663. 
Blanc  de  Perle,  292,  664. 
Bleaching  by  chlorine,  21. 

—  -liquor,  125. 

—  -powder,  124. 
Blende,  145.  , 
Blistering  collodion,  572. 
Block  tin,  278. 

Blood,  650. 

—  composition  of,  651. 

—  detection    of,  in  organic 

matter,  697. 

—  hydrocyanic  acid  in  the, 

33°-  •  , 

—  root,  646. 

—  stains,  697. 
Blowpipe  analysis,  440. 
 flame,  150. 

Blue  colouring-matters,  662. 

—  cohosh,  608. 

—  copperas,  161,  217. 

—  flag,  608. 

—  gum  tree,  425. 

—  indigo,  339. 

—  ointment,  222. 

—  pill,  222. 

—  Prussian,  403. 

—  stone,  217. 

—  Turnbull's,  180,  404. 

—  vitriol,  161,  217. 
"  Boiled  oil,"  552. 
Boiling-point,   definition  of, 

712. 

Boiling-points  of  various  sub- 
stances, 713. 
Boldine,  496. 
Boldo,  496. 
Bonduc  seeds,  608. 
Bone-ash,  121. 

—  -black,  122. 

—  -earth,  121,  385. 
Bone-oil,  613. 

Bones,  composition  of,  122, 

385- 
Boneset,  608. 
Boracic  acid,  393. 
Borate  of  glyceryl,  395. 
Borates,  393. 

—  analytical  reactions  of,  394. 
Borax,  393. 

—  bead,  266. 

—  impurities  in,  835. 

—  volumetric  estimation  of, 

74°- 

Bordeaux  turpentine,  492. 

Boric  acid,  393. 

 as  an  antiseptic,  652. 

—  anhydride,  393. 
Borneene,  503. 
Borneo  camphor,  502. 
Borneol,  502. 
Boron,  393. 

—  chloride,  393. 


Boron,  derivation  of  word, 
26. 

—  flame,  395. 

—  fluoride,  393. 

—  molecular  weight  of,  393. 
Borotartrate    of  potassium, 

394- 

Bos  taurics,  658. 
Boswellia,  511. 
Botany  Bay  kino,  425. 
Bourdon  barometer,  709. 
Boyle's  law,  52,  73T. 
Brandy,  626. 
Brass,  146. 
Brassica  alba,  537. 
—juncea,  538. 

—  nigra,  537. 
Brazil  powder,  399. 

—  wood,  661. 
Bread,  560. 

—  aerated,  560. 

—  crumb,  560. 

—  -making,  560. 
Breidin,  509. 
Brezilin,  661. 
Bricks,  419. 
Bright's  disease,  686. 
Britannia  metal,  203,  240,  278. 
British  gum,  567. 

Bromal,  582. 

—  alcoholates,  582. 

—  hydrate,  582. 
Bromate  of  potassium,  80. 
Bromates,  80,  314,  346. 
Bromic  acid,  80,  346. 
Bromide  of — 

—  ammonium,  102,  314. 

—  antimony,  203. 

—  arsenium,  186. 

—  ethyl,  480. 

—  iron,  165. 

—  phosphorus,  388. 

—  potassium,  80,  313. 

 volumetric  estimation 

of,  758. 

—  silver,  252,  314. 

—  sodium,  314. 

—  sulphur,  357. 
Bromides,  313. 

—  analytical  reactions  of,  314. 

—  quantitative    analysis  of, 

795. 

—  separation  of,  from  chlo- 

rides and  iodides,  320. 
Bromine,  312. 

—  analytical   separation  of, 

320. 

—  derivation  of  word,  26. 

—  its  analogy  to  chlorine  and 

iodine,  316,  323. 

—  solution  of,  314. 

—  volumetric  estimation  of, 

free,  795. 
Bromum,  312. 

—  impurities  in,  835. 
Bronze,  278. 

—  aluminium,  154. 

—  coinage,  216. 
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Bronzing-powder,  281. 

Broom-tops,  646. 

Brown  colouring-matters,  663. 

—  haematite,  154,  170. 

—  rosin,  504. 

—  sugar,  559. 
Brucia,  631. 
Brucine,  631. 

—  distinction  from  morphine, 

631. 

Brunswick  green,  200. 
Bryoidin,  509. 
Buchu  folia,  496,  608. 
Buchu,  oil  of,  496. 
Buck-thorn  green,  663. 

 juice,  598. 

"  Bumping,"  326. 
Bunsen  gas-burners,  13. 
Burdock,  608. 
Burette,  Mohr's,  741. 
Burgundy  pitch,  507. 
Burners,  gas-,  6,  13. 
Burnett's    disinfecting  riuid 
147. 

Burnt  ochre,  661. 

—  sugar,  561. 

—  umber,  663. 
Butane,  473. 
Buteafrondosa,  425. 
Butter,  551,  651- 

—  of  antimony,  203. 

—  of  cacao,  550. 

—  of  cocoa,  550. 

—  of  kokum,  551. 

—  of  orris,  498. 
Butyl-chloral,  582. 

 hydras,  582. 

 hydrate,  582. 

—  sulphocyanate,  496. 
Butylene,  487. 
Butylic  alcohol,  430,  534. 
Butyrate  of  ethyl,  485. 
Butyrates,  430. 
Butyric  acid,  430,  582. 

—  aldehyde,  582. 

 chlorinated,  582. 

Butyrone,  594. 
Buxine,  636. 

Buxus  sempervircus,  030. 
By-products,  229. 


Cabbage-rose  petals,  661. 

— 1  oil  of,  499- 

Cacao-butter,  550. 
Cadaverine,  612. 
Cadmium,  288. 

—  analytical     reactions  ot, 

289. 

—  derivation  or  word,  27. 

—  hydrate,  289. 

—  iodide,  289. 

—  oxide  of,  289. 

—  sulphide,  289. 
Cestafainict  bonducella,  008. 

—  brasiliensis,  661. 
Cajsium,  844. 
Caffcina,  647. 


Caffeines  citras,  647. 
Caffeine,  647. 

—  citrate,  647. 
Cajuputoil,  497. 
Cajuputene,  497. 
Cajuputol,  497. 
Caking  coal,  277. 
Calabar  bean,  644. 
Calamina  pneparatti ,  149. 
Calamine,  14s,  5°°- 

—  prepared,  149. 
Calamus  draco,  506. 
Calcic  sulphate,  phosphate 

etc.,  vide  salts  of  Cal- 
cium. . 
Calcii  carbonas  prcecipitata 

"8.  .  „ 
 impurities  in,  835. 

chloridi  liquor,  115- 

—  chloridum,  115- 
 impurities  in,  835- 

chlorinatce  liquor,  125. 
hydras,  Ti6. 
hypophosphis,  406. 
—  impurities  in,  836. 

—  phosphas,  121. 
 impurities  in,  835. 

—  saccharatus  liquor,  117. 

—  sulphas,  114. 
Calcined  magnesia,  133. 
Calcium,  114- 

—  analytical  reactions  of,  127. 

—  and     barium,  separation 

from  magnesium,  139. 

—  bisulphite,  359. 

—  carbonate,  115,  117- 
 prepared,  121. 

—  chloride,  114. 

—  chromate,  127. 

—  citrate,  381. 

—  derivation  of  word,  25. 

—  flame,  128. 

—  fluoride,  114. 
 in  bones,  121. 

—  gummate,  126. 

—  hydrate,  116. 

—  hypochlorite,  124. 
 hypophosphite,  406. 

—  hyposulphite,  355- . 

—  in  presence  of  barium  and 
magnesium,  detection  or, 
139. 

—  oxalate,  128,  372. 

—  oxide,  116. 

—  phosphate,  114,  121,  385. 

—  polysulphide,  355-  . 

—  quantitative  estimation  01, 
780. 

—  silicate,  114. 

—  sulphate,  114,  126. 

—  sulphide,  125. 

—  sulphite,  358. 

—  tartrate,  376. 
Calc-spar,  114. 
Calculi  urinary,  6S4. 

 examination  of,  700. 

Calendula  officinalis,  608. 
Calendulin,  608. 


Caliche,  332. 
Calomel,  231,  238. 

—  test  for  corrosive  sublimate 
in,  231. 

Calotropis,  608. 
Calumbce  radix,  637. 
Calx,  116. 

—  impurities  in,  835. 

—  chlorinata,  124. 
 impurities  in,  835. 

—  sulphurata,  125. 

 impurities  in,  835. 

Cambogia,  510. 

—  impurities  in,  836. 
Camphene,  492. 
Camphor-laurel,  502. 

—  mixture,  502. 

—  oil,  502. 

—  water,  503. 
Camphora,  502. 

I  —  impurities  in,  812. 
I  —  officinarum,  502. 
I  Camphoric  acid,  503. 
j  Camphoronic  acid,  503. 

Camphors,  502. 
'  Cam-wood,  661. 
Canada  balsam,  492,  5°9- 
Canadian  hemp,  608. 
—  turpentine,  492. 
Candle-flame,  composition  ol, 


Canclla:  cortex,  608. 
Cane-sugar,  559. 
Cannabene,  505. 
—  hydride  of,  505. 
Cannabin,  505. 
Cannabinine,  505. 
Cannabis  indica,  505. 
Cannabis  sativa,  505. 
Cantharides,  vinegar  or,  34°- 
Cantharidic  acid,  504. 
Cantharidin,  503. 
Cantharis,  503. 
Caoutchin,  501. 
Caoutchouc,  501. 
Capacity,  unit,  71  g. 

Capillary,  710. 

Capric  Acid,  584. 

Caproatc  of  glyceryl.  S5*- 

Caproic  acid,  551,  5»4- 

Caprylate  of  glyceryl,  55«- 

Caprylic  acid,  551. 

Capsaicin,  508,  638. 

Capsici fntcius,  508,  03B. 

Capsicin,  508. 

Capsicine,  508,  638. 

Capsicum-fruit,  resin  or,  so8. 

—  oil,  5°8- 
Caramel,  561. 
Caraway-oil,  497. 
Carbamate     of  ammonium, 

100. 
-ethyl,  583- 
Carbamic  acid,  5»3' 
Carbamide,  583. 
Carbamines,  575.  649  (y»oK  1 
Carbazotic  acid,  54', 
I  Carbinols,  520. 
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Carbo  animalis,  122. 

 purificatus,  122. 

 impurities  in,  836. 

—  Ugni,  123. 

 impurities  in,  836. 

Carbohydrates,  555. 
Carbolates,  541. 
Carbolic  acid,  539. 

 antidote  to,  541. 

Carbon,  22. 

—  bisulphide,  368. 

—  combustion  of,  22. 

—  compounds,  chemistry  of, 

455-  . 

—  derivation  of  word,  24. 

—  disulphide,  368. 

—  quantitative  estimation  of, 

in  organic  compounds, 
807,  etseq. 

—  tetrachloride,  478. 
Carbonate  of  ammonium,  100. 
 solution  of,  101. 

—  barium,  112,  113. 

—  bismuth,  293. 

—  calcium,  115,  117. 
 prepared,  121. 

—  iron,  162. 

 saccharated,  162. 

—  lead,  241,  247. 

—  lithium,  260. 

—  magnesium,  131,  134. 

—  potassium,  63. 
 acid,  73. 

—  sodium,  87,  89. 
  acid,  88. 

 chemically  pure,  743. 

 manufacture  of,  94,  366. 

—  strontium,  262. 

—  zinc,  148,  152. 
Carbonates,  366. 

—  acidulous  radical  in,  67, 

366.. 

—  analytical     reactions  of, 

3^9'      .  . 

—  gravimetric  estimation  of, 

801. 

—  volumetric   estimation  of 

alkaline,  745. 
Carbonic  acid,  23,  366,  583. 

 gas,  generation  of,  74. 

 solubility  of,  in  water, 

91. 

—  anhydride,  366. 

—  oxide,  403. 

Carbonei  bisulphiditm,  368. 
Carbonization,  no. 
Carbonyl,  521. 
Carboxyl  group,  521,  583. 
Carburetted  hydrogen,  light, 
47  «• 

 heavy,  487. 

Cardamomi  scmina,  496. 
Cardamom-oil,  496. 

—  greater,  498. 

—  lesser,  496. 

Carica  papaya,  638,  657. 
Carolina  jasmine,  642. 
Carmine,  398. 


Carminic  acid,  398. 
Carnallite,  63. 
Carnine,  615. 
Carpaine,  638. 
Carrageen  moss,  570. 
Carrotin,  661. 
Carthamin,  662. 
Carthamics  Hiictorhis ,  662. 
Camifructus,  497. 
Carutn  ajowan,  495. 
Carvene,  497. 
Carvol,  495,  497. 
Caryophylene,  492. 
Caryophyllin,  497. 
Cascara  sagrada,  399. 
Cascarilla-oil,  497. 
Cascarillw  cortex,  497. 
Cascarillin,  608. 
Casein,  651. 
Casein  vegetable,  654. 
Cassava,  bitter,  564. 
Cassia-oil,  497. 
Cassice  pulpa,  559. 
Cast-iron,  158.1 
Castile  soap,  549. 
Castilloa  clastica,  501. 
Castor,  506. 
— fiber,  506. 

—  oil,  552. 
Castoreum,  506. 
Castorin,  506. 
Cataplasma  sinapis,  537. 
Catechin,  425. 
Catechu.  425,  663. 

—  impurities  in,  836. 

—  nigrum,  425. 
Catechuic  acid,  425. 
Cathartic  acid,  597. 
Cathartogenic  acid,  597. 
Cathode,  282. 
Caulophyllum,  608. 
Caustic,  250. 

—  alcohol,  528. 

—  lime,  116. 

—  lunar,  250. 

—  mitigated,  250. 

—  points,  250. 

—  potash,  64. 

—  soda,  86. 

—  toughened,  250. 
Cayenne  pepper,  638. 
Cedra-oil,  496. 
Cedrene,  500. 
Celestine,  262. 
Cellulin,  571. 
Celluloid,  572. 
Cellulose,  571. 

—  of  starch,  565. 
Celsius's  thermometer,  711. 
Cements,  419. 

Centesimal  composition,  458. 
Centiare,  719. 

Centigrade  thermometer,  711. 
Cepkaelis  ipecacuanha,  641. 
Cera  alba,  536. 

 impurities  in,  836. 

— fiava,  536. 

 impurities  in,  836. 


Cerasin,  570. 

Cerasus  virginiana,  596. 

Cerates,  703. 

Cerebrin,  651. 

Ceresine,  536. 

Cerevisicefermentum,  524. 

Cerii  oxalas,  263. 

—  —  impurities  in,  836. 
Cerite,  263. 

Cerium,  263. 

—  derivation  of  word,  ■/.£. 

—  oxalate,  263. 
Ceroleine,  536. 

Cerotic  acid,  476,  582,  584. 
Ceryl  cerotate,  536. 
Cerylic  alcohol,  536. 
Cctaceum,  536. 

—  impurities  in,  836. 
Cetine,  536. 
Cetraria,  399,  567. 
Cetraric  acid,  399. 
Cetyl  hydrate,  536. 

—  palmitate,  536. 
Cetylic  alcohol,  536. 
Cevadilla,  648. 
Cevadilline,  648. 
Cevadine,  643,  648.  • 
Ceylon  "  moss,"  570. 
Chalcedony,  418. 

Chalk,  114. 

—  French,  664. 

—  precipitated,  118. 

—  prepared,  121. 

—  stones,  702. 
Chalybeate  water,  158. 
Chameleon,  mineral,  266. 
Chamomile-oil,  495. 
Char,  no. 

Charas,  505. 
Charcoal,  22. 

—  animal,  122. 

 decolourizing  power  of,  . 

122. 

—  wood,  123. 
Charles's  law,  52. 
Charta  sinapis,  537. 
Chartreuse,  526. 
Chaulmugra,  608. 
Chavica  officinarum,  645. 
Chavicic  acid,  646. 
Cheese,  651. 

 poison,  613,  682. 

Chelerythrine,  646. 
Chelidonium,  646. 
Chemical  action,  illustra- 
tion of,  by  symbols,  35. 
 definition  of,  29,  57. 

—  affinity,  31. 

—  combination,  laws  of,  59. 
 by   volume,    laws  of, 

51,  et  scq. 

 by  weight,  laws  of,  44, 

ct  seq. 

 different  from  mecha- 
nical, 23,  29. 

—  compound,  23. 
 definition  of,  58. 

—  diagrams,  43,  65,  66,  67. 
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Chemical  equations,  43,  65. 
 definition  of,  59- 

—  force,  31,  et  seq. 

 conditions  for  the  mani- 
festation of,  35. 

 its  relations  to  heat  and 

electricity,  737. 

—  formula,  58. 

—  formulae,  37. 

—  notation,  36,  42. 

—  philosophy,  principles  of, 

29,  et  seq. 

—  preparations  of  the  British 

Pharmacopoeia,  703. 

—  reagents,  xx. 

—  symbol,  definition  of,  58. 

—  symbols,  35. 

—  toxicology,  669. 
Chemicals,  lists  of,  xxi. 
Ckemism,  32. 

Chemist  and  Druggist,  2. 
Chemistry,  art  of,  1. 

—  definition  of,  57. 

—  derivation  of  the  word,  1. 

—  inorganic,  455. 

—  object  of,  2. 

—  of  carbon  compounds,  455. 

—  organic,  455. 

—  science  of,  2. 
Chemists,  analytical,  2. 

—  manufacturing,  2. 

—  pharmaceutical,  2. 
Cherry-laurel  water,  596. 

—  sugar  in,  557. 
 tree  gum,  570. 

—  wild  black,  596. 
Chestnut-brown,  663. 
Chian  turpentine,  492. 
Chicory,  567. 

Chili  saltpetre,  332. 

—  nitre,  332. 

Chimaphila  umbellata,  597. 
China  clay,  419. 
Chinese  green,  663. 

—  red,  661. 

—  wax,  536. 

—  white,  664. 

—  yellow,  660. 
Chinoidin,  628. 
Chinoline,  613. 
Chirata,  415. 
Chiratin,  415. 
Chiratogenin,  415- 
Chiretta,  415. 
Chloral,  477,  578- 

—  alcoholates,  579,  581. 

—  butyl,  582. 

—  croton,  582. 

—  hydras,  579- 

 impurities  in,  836. 

—  hydrate,  579. 

 estimation  of,  580. 

Chlorate  of  potassium,  342. 

 preparation  of  oxygen 

from,  5. 

—  of  sodium,  344. 
Chlorates,  341. 

—  analytical  icaction  of,  345. 


Chloric  acid,  124,  341. 
Chloride  of  acetyl,  472. 

—  aluminium,  154. 

—  ammonium,  97. 

—  antimony,  203. 

—  arsenium,  186. 

—  barium,  112. 

—  boron,  393. 

—  calcium,  114. 

 removal  of  iron  from, 

"5.. 

—  chromium,  273. 

—  ethylene,  490. 

—  ethylidene,  490. 

—  gold,  284. 

—  iridium,  682. 

—  iron,  165,  167. 

—  lead,  245. 

—  lime,  124. 

— ■  magnesium,  129. 

—  manganese,  265. 

—  mercuric-ammonium,  235. 

—  mercurous-ammonium,237, 

238. 

—  mercury,  229. 

—  methyl,  476. 

—  palladium,  682. 

—  platinum  and  ammonium, 

107,  282. 

 and  lithium,  261. 

 and     potassium,  82, 

282. 

 and  sodium,  287. 

—  silicon,  420. 

—  silver,  249. 

—  sulphur,  357. 

—  tin,  279. 

 solution  of,  279. 

—  zinc,  147. 
Chlorides,_307. 

—  estimation  of,  794. 

—  separation  of,    from  bro- 

mides and  iodides,  320. 

—  tests  for,  311. 
Chlorinated  butyric  aldehyde, 

_  582. 

—  lime,  124. 

 volumetric  estimation 

of,  770. 

—  soda,  solution  of,  93. 
 volumetric  estimation 

of,  770. 
Chlorine,  19,  310. 

—  acids,  344- 

—  as  a  disinfectant,  21. 

—  bleaching  by,  21. 

—  collection  of,  20. 

—  derivation  of  word,  24. 

—  inhalation  of,  21. 

—  its  analogy  to  bromine  and 

iodine,  316,  323. 

—  liquid,  310. 

—  preparation  of,  19. 

—  properties  of,  19. 

—  relative  weight  of,  22. 

—  solubility  in  water,  20. 

—  the  active  agent  in  bleach- 

ing-powder,  21. 


Chlorine,  volumetric  esti- 
mation of,  769. 

—  -water,  20.  310. 
Chlorochromic  anhydride, 

275.  32<- 
Chloroform,  476. 

—  impurities  in,  836. 

—  water,  4^79. 
Chloronitric  gas,  336. 
Chloronitrous  gas,  336. 
Chlorophyll,  659,  663. 
Chlorous  acid,  344. 
Chocolate,  550. 
Cholesterin,  548,  702. 
Choline,  612,  658. 
Chondrine,  655. 
Chondrus  crispus,  570. 
Christmas  rose,  602. 
Chromate  of  ammonium,  273. 

—  barium,  113. 

—  calcium,  127. 

—  lead,  246. 

—  potassium,  red,  273. 
 standard  solution  of, 

764. 

 yellow,  113,  273. 

 and  ammonium,  113. 

—  of  silver,  252. 
Chromates,  274. 

—  analytical  reactions  of,  276. 
Chromes,  246. 
Chrome-alum,  154,  274. 

—  -ironstone,  273. 

 red,  246,  661. 

 yellow,  246,  659. 

Chromic  acid,  274. 
 anhydrous,  274. 

—  anhydride,  274. 

—  hydrate,  276. 

—  salts,  274. 
Chromium,  273- 

—  analytical  reactions  of,  276. 

—  chloride,  273. 

—  derivation  of  word,  27. 

—  oxide  of,  273. 

—  separation    of,  from  alu- 

minium and  iron,  276. 

—  sulphate,  274. 
Chromogens  in  urine,  691. 
Chromous  salts,  273. 
Chromule,  663. 
Chrysarobin,  399. 
Crysarobinum,  399. 
Chrysatropic  acid,  636. 
Chrysophan,  399. 
Chrysophanic  acid,  399.  5»8- 
Churras,  505. 

Chyme.  657. 
Cicuta  virosa,  497. 
Cicutine,  640. 
Cider,  526. 

Cimicifuga  raceinosa,  bob. 
Cimictfuga  rhizoma,  60S. 
Cimicifugin,  608. 
Cinchamidine,  628. 
Citichona  calisaya,  622. 

—  lancifolia,  622. 

—  officinalis,  623. 
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Citic/iona  succirubra,  622. 
Citichorue  rubra!  cortex,  622. 
Cinchonidinte  sulphas,  627. 

—  sulphates,  627. 

—  impurities  in,  836. 
Cinchonicine,  62S. 
Cinchonidine,  627. 
Chichonitue  sulphas,  627. 

—  impurities  in,  836. 
Cinchonine,  627. 
Cinchovatine,  628. 
Cinnabar,  221,  664. 
Cinnamein,  590. 
Cinnamene,  590. 
Ciunamic  acid,  398,  589. 
Cinnamic  alcohol,  589. 

—  aldehyde,  497. 

—  series  of  acids,  589. 
Cinnamol,  590. 
Cinnamomi  cortex ,  497. 
Cinnamon-oil,  497. 
Cinnamyl,  cinnamate,  590. 
Cissampeline,  636. 
Cissampelos  pareira,  636. 
Citrate  of  ammonium,  102. 

—  bismuth,  293. 
 ammonium,  294. 

—  caffeine,  647. 

—  calcium,  383. 

—  iron  and  quinine,  174,  624. 

—  lithium,  260. 

—  magnesium,  133. 

—  nicotine,  644. 

—  potassium,  76. 

 volumetric  estimation 

of.  749- 

—  quinine,  624. 

—  silver,  384. 

—  strychnine,  630. 
Citrates,  380. 

—  analytical  reactions  of,  383. 
Citrenes,  492. 

Citric  acid,  380,  592. 

 action  of  heat  on,  382. 

 saturating    power  of, 

383;         .  .  . 
 volumetric  estimation 

of,  753- 
Citron-oil,  496. 
Citronella-oil,  497. 
Citronellol,  497. 
Citro-tartrate  of  sodium,  93. 
Citrus,  492. 

—  bergamia,  381. 
Classification,  no,  135, 

298,  466. 
Clausius's  theory,  15. 
Claviceps  purpurea,  506. 
Clay,  153,  418. 

—  ironstone,  158. 
Cloves,  oil  of,  497. 
Club-moss,  552. 
Coal,  277. 

 brasses,  158. 

 gas,  487,  541. 

 for  balloons,  14. 

—  products  of,  539,  664. 

—  -tar  colours,  664. 


Cobalt,  268. 

—  analytical  reactions  of,  269. 

—  arsenide,  269. 

—  blue,  662. 

—  derivation  of  word,  27. 

—  -glance,  269. 

—  hydrate,  269. 

—  oxide,  269,  662. 

—  separation  of,  from  nickel, 

272. 

—  sulphate,  269. 

—  sulphide,  269. 
Cobaltic  ultramarine,  662. 
Cobalticyanide  of  potassium, 

270. 

—  nickel,  272. 
Coca,  638. 
Cocaidine,  639. 
Cocaina,  638. 

Cocaines  hydrochloras,  638. 
Cocaine,  638. 
Cocamine,  639. 
Coccerin,  399. 
Cocculus  indicus,  603. 
Coccus,  398,  836. 

—  cacti,  398. 

—  ittcis,  206. 
Cochineal,  398,  662. 
Cocoa,  551,  647. 

—  nibs,  550. 

—  nut,  551. 

 oil,  551. 

Cocos  nuci/era,  551. 
Codamine,  619. 
Codeina,  61S. 
Codeine,  618,  621. 
Cod-liver  oil,  552. 
Coffee,  647. 
Cohesion,  57. 

Coinage,  copper,  216,  728. 

—  gold,  283,  728. 

—  silver,  248,  728. 
Coke,  22. 

Colchici,  cormus,  639. 

—  scmini,  639. 
Colchicein,  640. 
Colchicin,  639. 
Colchicine,  640. 
Colcliicum  autumnalc,  639. 
Colcothar,  171,  661. 
Collection  of  gases,  5,  6. 
Collidine,  613,  635. 
Collin,  828. 

Collodion,  572. 

—  blistering,  572. 

—  flexible,  572. 
Collodium,  572. 
—flexils,  572. 

—  vesicans,  572. 
Colloid  bodies,  828. 
Colocynthidis  pulpa,  598,  836 
Colocynthin,  598. 
Colophene,  493. 
Colopholic  acid,  505. 
Colophonic  acid,  505. 

—  hydrate,  505. 
Colophonine,  505. 
Colouring  matters,  659. 


Combination,  chemical, 
by  weight,  44. 

—  by  volume,  51,  et  seq. 
Combining  proportions,  48, 

225,  706,  et  seq. 
Combustible,  13. 
Combustion,  13. 

—  analysis    for  carbon  and 

hydrogen,  807,  et  seq. 

—  — ■  for  nitrogen,  812. 

—  definition  of,  58. 

—  spontaneous,  178. 

—  supporters  of,  13. 
Composition  of  atmosphere,  1 8. 

—  bismuth  salts,  292,  293. 

—  centesimal,  458. 

—  empirical,  458. 

—  molecular,  460. 

—  oils  and  fats,  546. 

—  organic  compounds.  456. 
Compounds,  chemical,  23. 
 definition  of,  58. 

 different  from  mechani- 
cal, 29. 
Compounds,  29. 

—  of  the  elements,  61. 
Cochinine,  626. 

Concrete  oil  of  mangosteen, 

SSI- 
Condensation,  141. 
Condenser,  141. 
Condensing-tub,  141. 

—  worm,  141. 
Confections,  560. 
Conhydrine,  640. 
Conia,  640. 
Conicine,  640. 
Conii  folia,  640. 
— fructus,  640. 
Conine,  635,  640. 
Coniitm  maculdtum,  640. 
Conquinine,  626. 
Constant  proportions,  law  of, 

,. 

Constant  white,  664. 
Constitution,    see  also 

"  Structure." 
Constitution  as  indicated 

by-  .  , 

chemical  "periodicity, 

45°-  . 
properties,  461,  471. 
density     of     gases  and 

vapours,  51,  54,  732. 
electricity,  737,  etc. 
isomorphism,  54. 
specific  heat,  735. 
substitution,  469. 
Constitution  of  alkaloids, 

609,  613. 

—  benzene  series,  516. 

—  bleaching  powder,  125. 

—  magnesium  carbonate,  133. 

—  matter,  37,  144. 

—  molecular,  144,   153,  155, 

219,  460,  465. 

—  organic  compounds,  461 

469,  472. 
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Constitution  of  salts, 

67,  92, 136,  333,  350,  449. 

461,  464,  472,  613. 
Constitutional  formula,  459. 
Construction  of  formulae,  42, 

55,  463>  46°.  472- 
Convolvulin,  602. 
Convolvulinol,  602. 
Convolvulus  scammonia,  606. 
Conylia,  640. 
Copaiba,  508. 

—  impurities  in,  836. 
Copaiva,  508. 

—  oil,  497- 
Copaivaol,  508. 
Copaivic  acid,  508. 
Copal,  506. 

Copper,  216. 

—  acetate,  218. 

—  ammonio  -  sulphate,  200, 

219,  237. 

—  analytical     reactions  01, 

218. 

—  antidotes  to,  220. 

—  arseniate,  200. 

—  arsenite,  200,  220. 

—  black  oxide  of,  217. 

—  blue,  662. 

—  carbonate,  216. 

—  coinage,  216,  728. 

—  derivation  of  word,  26. 

—  detection  of  arsenium  in, 

IQ4- 

—  ferrocyanide,  220. 

—  flame,  220. 

—  foil,  217. 

—  hydrate,  220, 

—  hydride,  407. 

—  in  organic  mixtures,  de- 

tection of,  673. 

—  iodide,  319. 

—  melting-point  of,  715. 

—  metallic,  216. 

—  nitrate,  218. 

—  oxide,  217. 

—  oxyacetate,  218. 

—  pyrites,  216. 

—  quantitative  estimation  of, 

787.. 

—  quantivalence  ol,  217. 

—  subacetate,  218. 

—  sulphate,  217. 
 anhydrous,  218. 

—  sulphide,  218. 

 zinc  couple,  796. 

Copperas,  blue,  161,  217. 

—  green,  161. 
Coptis-root,  637. 
Coriander-oil,  497. 

Cork,  specific  gravity  of,  731. 

 borers,  5. 

Comutene,  506. 
Corpse  fat,  654. 
Correction  of  the  volume  or  a 
gas  for  pressure,  731. 

—  for  temperature,  732. 
Correlation  of  force,  31. 

—  matter,  31. 


Corrosive  sublimate,  229. 

 test  for,  in  calomel,  231. 

Cortex  pruni  serotimr,  596. 
Corydaline,  641. 
Corydalis,  641. 
Cotarnine,  619. 
Coto-bark,  598. 
Cotoin,  598. 

Cotton-seed  oil  in  olive  oil, 
540- 

—  cake,  615. 
Cotton-wool,  571. 
Couch-grass,  609. 
Coumarin,  588. 
Cowbane,  497. 
Cowhage,  278. 
Cows'  milk,  651. 
Cranesbill,  426. 
Cream,  652. 

of  tartar,  63,  84,  375. 
—  soluble,  394. 
Creasol,  540. 
Creasote,  540. 
Creasotum,  540. 

—  impurities  in,  836. 
Creatine,  612. 
Creatinine,  612. 
Cremnitz  white,  664. 
Cresol,  539,  543- 
Cresotic  acid,  587. 
Cresylic  acid,  539. 
Creta,  121. 

—  pricparata,  121. 

 impurities  in,  836. 

Crinum  asiaticum,  607. 
Crini  radix,  607. 
Crith,  733. 

Crocetin,  660. 

Crocin,  660. 

Crocus  (mineral),  171. 

—  (vegetable),  660. 

—  of  antimony,  202. 

—  sativns,  660. 

 impurities  in,  836. 

Croton  chloral,  582. 

—  hydrate,  582. 

—  oil,  552. 
Crotonic  acid,  585. 
Crotonylene,  491. 
Crucibles,  71,  419. 
Crude  antimony,  202. 

—  potashes,  63. 

Crum's  test  for  manganese,268. 

Crusocreatinine,  612. 
Cryohydrates,  91. 
Cryolite;  446. 
Cryplopme,  619. 
Crystallization,  water  of,  91. 

—  fractional,  81,  448. 
Crystalloid  bodies,  828. 
Cubcb  pepper,  645. 
Cubeba,  645. 
Cubebcne,  497. 
Cubebin,  646. 
Cubebs,  oil  of,  497- 

—  oleo-resin,  497. 

Cubic  inches  in  a  gallon,  733- 

—  nitre,  332. 


Cuca,  see  Coca. 
Cucurbita  pepo,  609. 
Cudbear,  662. 
Culver's  root,  609. 
Cumin,  497. 
Cuminic  acid,  498. 
Cuminum  cytninum,  497. 
Cummin,  497. 
Cupel,  793. 

Cupellation,     estimation  or 

silver  by,  793. 
Cuprea  bark,  622. 
Cupreine,  629. 

Cupr-diammon-  diammonium, 

sulphate  of,  237. 
Cupri  sulphas,  217. 
 impurities  in,  836. 

—  nitras,  218. 
Cupric  arsenite,  200,  220. 

—  compounds,  217. 

—  ferrocyanide,  220. 

—  hydrate,  220. 

—  nitrate,  218. 

—  oxide,  217. 

—  sulphate,  217. 

—  sulphide,  218. 
Cuprous  hydride,  407. 

—  iodide,  217. 

—  oxide,  217,  557- 
Cuprum,  216. 
Curacoa,  526. 
Curari,  631. 
Curarine,  631. 
Curcuma  longa,  501,  660. 
Curcumin,  660. 

Curd  soap,  549. 
Curds,  651. 

—  and  whey,  562,  652. 
Currant,  sugar  in,  557. 
Curry   powder,    odour  and 

flavour  of,  501. 
Cusparitr  cortex,  641. 
Cusparidine,  641. 
Cusparine,  641. 
Cusso,  506. 
Cutch,  425. 
Cyanates,  400. 
Cyanic  acid,  400. 
Cyanide  of  ally!,  S38- 

—  mercury,  325. 

—  nickel,  272. 

—  potassium,  324- 

—  silver,  252,  328. 
Cyanides,  324. 

—  analytical     reactions  ot 

metallic,  328. 

—  antidote  to,  329. 

—  double,  325. 

—  quantitative  estimation  ot. 

756.  795-  „ 

Cyanogen,  182,  325- 

Cyanurets,  vide  Cyanides. 
Cyder,  see  Cider. 
Cyroene,  495,  497,  5".  5>5- 
Cymol,  495. 
Cypripedin,  608. 
Cypripedium  pubescens,  60S. 
Cystin,  695. 


INDEX. 


8B9 


Cytisine,  641. 


Dahlia,  567. 

Dalleiochin,  624. 

Dalton's  atomic  theory,  49. 

—  laws,  44,  45,  46. 
Dambose,  559. 
Dandelion,  567. 
Daphne  laureola,  507. 

—  mezereum,  507,  598. 
Daphnetin,  598. 
Daphnin,  598. 
Datura  alba,  643. 
Daturia,  or  daturine,  643. 
Dauglish's  bread,  560. 
Davy  safety-lamp,  14. 
Deadly  nightshade,  634. 
Decane,  474. 
Decantation,  izo. 
Decimal  coinage,  720. 

—  weights,  717. 
Decoctions,  703. 
Decolorizing  power  of  animal 

charcoal,  123. 
Decrepitation,  441. 
Decylene  alcohol,  538. 
Definition,  of  an  atom,  58. 

—  atomic  weights,  59. 

—  a  chemical  compound,  58. 
 equation    or  diagram, 

59- 

 formula,  58. 

 symbol,  58. 

—  a  gas,  59. 

—  a  liquid,  59. 

—  a  mixture,  58. 

—  a  molecule,  58. 

—  a  solid,  58. 

—  an  element,  58. 

—  chemical  action,  57. 
 force,  57. 

—  chemistry,  57. 

—  combustion,  58. 

—  law  of  diffusion,  58. 

—  molecular  weights,  60. 

—  quantivalence  of  atoms,  60. 
Deflagrating  flux,  447. 
Deflagration,  78. 
Deliquescence,  95. 
Delphine,      delphinine,  or 

'   delphia,  641. 
Delphinium  staphysagria, 

641. 
Density,  725. 

—  of  vapours,  732. 
Dentifrices,  action  of,  278. 
Deodorizers,  21. 
Deodorizing  liquid,  147. 

—  power  of  animal  charcoal, 

Deoxidizers,  760. 
Deposits,  urinary,  692. 
Derivations  of  names  of  ele- 
ments, 24,  ct  seq. 
Desiccation,  774,  806. 
Desiccators,  775. 
Destructive  distillation,  143. 


Detonation,  78. 
De  Valangin's  solution,  189. 
Dextrin,  567. 
Dextrogyrate,  559. 
Dextroracemic  acid,  376. 
Dextrose,  556. 
Dextrotartaric  acid,  376. 
Dhak  tree,  425. 
Dhatura,  643. 
Diabetic  urine,  687. 
Diacid  alcohols,  543. 
Diamide,  615. 
Dicarbonyl  benzene,  622. 
Diagram,  chemical  definition 

of,  65.         ,      .  , 
Diagrams,   chemical,  37, 

65. 

Dialysate,  828. 
Dialysis,  828. 
Dialytic  iron,  828. 
Dialyzed  iron,  179,  828. 
Diamines,  611. 
Diamond,  22. 
Diaphragms,  73. 
Diastase,  567. 

—  action  of,  upon  starch,  567. 
Diazo,  613. 
Diazobenzene,  613. 
Dibasic  acids,  305,  590. 
Dibasylous  radicals,  305. 
Dibromethane,  488. 
Dicentra  formosa,  641. 
Dichloromethane,  476. 
Dichloromethylbenzene,  515. 
Dichopsis  gutta,  501. 
Didymium  264. 
Dietetics,  3. 

Diethyl,  473. 
Diethylamine,  610. 
Di- ethylsulphon  -  dimethyl- 
methane,  531. 
Diffusate,  828. 
Diffusion  of  gases,  15, 

—  law  of,  definition  of,  15,  58. 
Digallic  acid,  422. 
Digitalein  599. 

Digitalin,  598. 
Digitaliretin,  598. 
Digitalis  folia,  599. 
Digitin,  599. 
Digitogenin,  600. 
Digitonin,  599. 
Digitoxin.  599. 
Dihydric  alcohols,  488,  543. 
Dihydroxyacetic  acid,  584. 
IJihydroxybenzoic  acid,  587. 
Dihydroxybutyric  acid,  584. 
Dihydroxyl  benzenes,  542. 

—  derivatives  of  the  hydro- 

carbons, 543. 
Dihydroxypropionic  acid,  584. 
Dihydroxysuccinic  acid,  591. 
Di-iodosalicylic  acid,  588. 
Di  -  iodo  -  paraphenolsulpho- 

nic  acid,  530. 
Di-ketone,  622. 
Dill-oil,  495. 
Di-pentene,  492. 


Diluents,  279. 

Dimercuric-ammonium,  237. 
Dimethyl,  473. 
Dimethyl-ethyl-carbinol,  535. 
Dinitrocellulin,  571. 
Diosphenol,  496. 
Diospyri  fructus,  426. 
Diospyros  embryopteris,  426. 
Dipterocarpi  balsamuin,  508. 
Dipterocarpus  lievis,  508. 

—  turbinatus,  508. 
Disinfectant,   chlorine  as  a, 

21. 

Disinfectants,  21. 

Disinfecting  fluid,  Burnett's, 

*47-  . 

 carbolic  acid,  539. 

 Condy's,  81,  265. 

—  powder,  125. 

—  solution,  125. 
Dissociation,  735. 
Distillation,  141. 

—  destructive,  143. 

—  dry,  143. 

—  fractional,  448,  524. 
Distilled  water,  142. 
Disulphide  of  carbon,  368. 
Dita,  641. 

Ditamine,  641. 
Ditain,  641. 
Dithionic  acid,  409. 
Dock,  399. 
Dolomite.  129. 
Donovan's  solution,  188. 
Dorema  ammoniacum,  510. 
Double  chloride  of  aluminium 
and  sodium,  154. 

—  cyanides,  324. 

—  salts,  82,  155. 
Doundake,  506. 
Dover's  powder,  641. 
Draconyl,  590. 
Dragon's  blood,  506. 
Dried  alum,  156. 
Drops,  721. 

Dry  distillation,  143. 
Drying  apparatus,  122. 

—  in  vacuo,  122. 
 oils,  552. 

—  precipitates,  122. 
Dryobalanops  aromatica, 

502.  . 

Duboisia  myoporoi'des,  643. 
Duboisine,  643. 
Dulcamara,  646. 
Dulcamarin,  646. 
Dvilcin,  514. 
Dulcite,  554. 

Dulong  and  Petit's  law,  736. 
Dutch  camphor,  502. 

—  liquid,  490. 
Dyads,  136. 

Dyeing  by  mordants,  156. 
Dyer's  saffron,  662. 
Dynamic  electricity,  produc- 
tion of,  146. 
Dynamicity,  56. 
Dynamite,  545. 
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Earth,  bone-,  121,  385. 
Earthenware,  419. 
Earth-nut  oil,  553. 
Earth  pitch,  509. 
Earths,  alkaline,  141. 
Eau  de  Cologne,  495. 
Eau  de  JaveTle,  93. 
Ebonite,  501. 
Ebullition,  326. 
Ecballii fructus ,  600. 
Ecboline,  506. 
Ecgonine,  639. 
Echites  scholar  is,  641. 
Effervescing  citrate  of  mag- 
nesia, 93,  133. 

—  citro- tartrate  ofsodium,93. 

—  soda-water,  91. 

—  solution  of  potash,  75. 

—  sulphate  of  magnesium,  130. 

—  tart,  soda  powder,  378. 
Efflorescence,  95. 
Egg,  oil  of  yolk  of,  650. 

—  white  of,  649. 
EUeometer,  727. 
Elaeoptens,  493. 
Elaidic  acid,  585. 
Elaterin,  600. 
Elaterium,  600. 

—  impurities  in,  600,  836. 
Elder-flower  oil,  500. 
Elecampane,  498. 
Electric  amalgam,  223. 
Electricity,     production  of 

dynamic,  146. 

—  related  to  chemical  action, 

737-  . 
Electrolysis,  13,  737- 
Element,  definition  of,  58. 
Elements,  i,  3,  24,  450. 

—  and  their  compounds,  61 . 

—  classification  of,  according 

to  analogy,  110. 

—  etymology  of  names  of,  24. 

—  metallic,  4. 

—  non-metallic,  4. 

—  of  medical  or  pharmaceu- 

tical interest,  3. 

—  of  pharmaceutical  interest, 

—  quantivalence  of,  135. 

—  symbols  of,  24,  58. 
 atomic     values,  and 

weights  of  the,  844. 
 of,   and  derivation  of 

name  of,  24,  ct  sea. 
Elemi,  509. 
Elutnation,  149. 

—  fractional,  448. 
.    Emerald  green,  663. 

Emetine,  641. 
Emodin,  399,  600. 
Empirical  formula;,  459- 

—  composition,  459. 
Emplastra,  244,  505. 
Emplastnuu  menthol,  499. 
Einfilastrum  plumbi,  244. 

—  plumbi  iodidi,  244. 

—  saponis  fUSCUtlt,  348- 


Emulsin,  595. 
Emulsions,  511. 
Enemas,  703. 
English  red,  661. 
—  blue,  662. 
Eosin,  517. 
Epsom  salt,  129. 
Equation,  chemical  defini- 
tion of,  59. 
Equations,  43,  65. 
Equisetic  acid  382. 
Equivalence,  56. 
Equivalents,  845. 
Erbium,  844. 
Ergosterin,  506. 
Ergot,  506. 
Ergota,  506. 
Ergotin,  506. 
Ergotine,  506. 
Ergotinic  acid,  506. 
Ergotinine,  506. 
Ergotinum,  506. 
Ericolin,  597. 
Erlangen  blue,  663. 
Error,  in  experiment,  788. 
Erucic  acid,  553. 
Erythite,  553,  59»- 
Erythoretine,  399. 
Erythroxylon  coca,  638. 
Esculin,  see  /Esculin. 
Eseridine,  644. 
Eserine,  644. 
Essence  of  aniseed,  495. 

—  apple,  485. 

—  ginger,  501. 

—  greengage,  485. 

—  melon,  485. 

—  mirbane,  513. 

—  mulberry,  485. 

—  peppermint,  495- 

—  pineapple,  485. 

—  quince,  485. 
Essences,  495- 
Essentia  anisi,  495. 

—  mentha; piperita,  495. 
Essential  oils,  set  Oils. 
Ester,  576. 
Etching,  405. 
Ethal,  536. 
Ethane,  473. 

—  substitution  products 
480. 

Ether,  531. 

—  acetic,  351,  484. 

—  hydrobromic,  480. 

—  nitrous,  415. 

—  petroleum,  475. 
Ethereal  salts,  485,  575- 
Ethers,  529,  576. 

—  mixed,  578. 

—  sulphur,  533. 
Ethiop's  mineral,  237. 
Ethyl,  acetate,  351,  484> 

—  bromide,  480. 

—  butyrate,  485- 

—  carbamate,  583. 

—  -formic acid,  582. 
I  —  group,  466. 


Ethyl,  hydrate,  520. 

—  hydride,  473. 

—  hydrogen    sulphate,  524, 
S32- 

—  hydroxylamine,  615. 

—  iodide,  480. 

—  nitrite,  415,  480. 

—  oenanthylate,  485. 

—  oxide,  529. 

—  pelargonate,  485. 

—  sebacate,  485. 

—  suberate,  485. 

 sulphuric  acid,  532. 

Ethylamine,  610. 
Ethylate  of  sodium,  528. 
Ethylene,  487. 

—  chloride  of,  490. 

—  dibromide,  488. 

—  hydrate,  520. 

—  sulphate,  488. 
Ethylic  acid,  584. 

—  alcohol,  523. 

—  bromide,  480. 

—  iodide,  480. 

—  series  of  alcohols,  520. 
Ethylidene,  chloride  of,  490. 

—  compounds,  583. 

 lactic  acid,  5S3. 

Ethylsulphonic  acid,  529. 
Ethylsulphuric  acid,  532. 
Etymology  of  names  of  ele- 
ments, 24. 

Eucalypti  gummi,  498. 
Eucalyptol,  498. 
Eucalyptus  oil,  498. 
Eucalyptus  var.,  425. 
Eucalyptus  globulus,  498. 
Euchlorine,  345. 
Eudiometry,  668. 
Eugenic  acid,  497. 
Eugenin,  497. 
Eugenol,  497. 
Euodic  aldehyde,  500. 
Euonymi  cortex,  608. 
Euonymin,  608. 
Euonymus  atropurpurcus, 
608. 

Eupatorium  pcrfoliatum, 
608. 

Euphorbium,  510. 
of,    Euphorbon,  510.  .  .  | 

Euxanthate  of  magnesium, 
660. 

Evaporation,  73. 
Everett's  yellow  salt,  3'7- 
Ewe's  milk,  653. 
Examinations    of  the 
Pharmaceutical  Society 
of  Great  Britain,  2  ;  vide 
prefatory  matter,  xvii. 
Experimental  error,  788. 
Explosions  of  gas,  12. 
Extract  of  malt,  569. 
Extracts,  703.  . 
Extraction  cinchona  lioui- 

dum,  8x5. 
—  runny  mi siccum,  60S. 
—Jilicis  liquidnm,  553. 
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Extraction  glycyrrhiztr,  6oi. 
 liquidum,  601. 

—  hamamelidis  liquidum, 

608. 

—  uucis  vomicce,  822. 

—  Saturtii,  242. 
Eykman's    test    for  nitrous 

ether,  482. 

Face-rouge,  398. 
Faeces,  684. 

Fahrenheit's  thermometer, 

Farina  tritict,  563. 
Fats  and  Oils,  composi- 
tion of,  546. 
Fats,  etc.,  analysis  of,  830. 

—  solid,  550. 

—  to  determine  the  melting- 

point  of,  713. 
Fatty  acids,  546. 

—  bodies,  546. 

 series  of,  470. 

Fehling's  solution,  823. 

Fel   bovinum  purification, 
658. 

 impurities  in,  836. 

Felspar,  419,  446. 
Fenchene,  492. 
Fennel-oil,  498. 
Fenugreek,  648. 
Ferreduit,  178. 

Fermentation,  524. 

—  acetic,  525. 

—  alcoholic,  524. 

—  ammoniacal,  525. 

—  butyric,  525. 

—  by    soluble  albumenoids, 

525- 

—  lactic,  525.* 

—  mannitic,  525. 

—  putrefactive,  525. 

—  viscous,  525. 
Ferrate  of  potassium,  159. 
Ferri  acetatis  liquor,  172. 

 fortior,  172. 

 tinctura,  172. 

—  arsenias,  163,  191. 
 impurities  in,  836. 

—  carbonas,  162,  171. 

 saccharata,  162. 

 impurities  in,  837. 

—  et  ammonii  cilras,  172, 

*Ti\  ... 
 impurities  in,  837. 

 quantitative  estima- 
tion of  iron  in,  784. 

—  et  quinina  citras,  174,  624. 

 impurities  in,  837. 

 quantitative  estima 

tion  of  quinine  in,  818. 

—  percliloridi  liquor,  167. 
— pemitratis,  liquor,  177. 

—  peroxidum  hydration,  169. 
 impurities  in,  837. 

—  persulphatis,  liquor,  169. 

—  phosfihas,  163. 
 impurities  in,  837. 


Ferri potassio-tartras,  T75. 

—  pulvis.  178. 

—  subcarbonas,  162,  171. 

—  sulphas,  160. 

 impurities  in,  837. 

 cxsiccata,  161. 

 granulata,  161. 

 impurities  in,  837. 

Ferric  acetate,  171,  351. 

—  aceto-nitrate,  177. 

—  benzoate,  398. 

—  chloride,  165. 
 hydrous,  166. 

—  hydrate,  169. 

—  iodate,  346. 

—  nitrate,  176. 

—  oxide,  170,  171. 

 separated    from  phos- 
phates and  oxalates,  444. 

—  oxyhydrate,  169. 

—  oxyiodate,  346. 

—  oxysulphate,  161. 

—  phosphate,  176,  390. 

—  salts,  165,  et  seq. 

 analytical  reactions  of, 

181. 

—  sulphate,  168. 

—  sulphocyanate,  182,  421. 

—  valerianate,  430. 
Ferricyanide    of  potassium, 

4°3-  . 
Ferricyanides,  403. 
Ferricyanogen,  182,  404. 
Ferrocyanide  of  potassium, 
324,  402. 

—  of  zinc,  152. 
Ferrocyanides,  402. 
Ferrocyanogen,  182,  402. 
Ferrous  arseniate,  163,  191. 

—  bromide,  165. 

—  carbonate,  162. 

—  chloride,  167. 
 anhydrous,  167. 

—  citrate,  176. 

—  hydrate,  180. 

—  iodide,  165. 

—  phosphate,  163. 

—  salts,  160,  et  seq. 

 analytical  reactions  of, 

180. 

—  sulphate,  160. 

 and  sulphate  of  ammo- 
nium, 765. 

—  sulphide,  23,  164,  180,  181. 

—  tartrate,  176. 
Ferritin,  158. 

—  redactum,  177,  785. 
 impurities  in,  837. 

—  tartaratum,  172,  175. 
 estimation  of  iron  in, 

7.84-     .  .  . 
 impurities  in,  837. 

Ferula  Narthex,  510. 

Ferulaic  acid,  510. 

Fibrin,  650. 

—  vegetable,  654. 
Ficus,  557. 

—  elastica,  501, 


F'K.  557-. 
Filicic  acid,  553. 
Filix  was,  552. 
Filter,  to  dry,  773. 
Filtering-paper,  118. 
Filters,  118. 
Filtrate,  138. 
Fine  gold,  283. 
Fire-clay,  230. 
Fire-damp,  471. 
Firwool,  493. 

—  oil,  493. 
Fish-poison,  613. 
Fixed  oils,  551. 

—  and  volatile  oils,  difference 

between,  551. 
Flag,  blue,  608. 
Flake  white,  664. 
Flame,  oxidizing,  150. 

—  reducing,  150. 

—  structure  of,  13. 
Flare,  550. 
Flashing-point,  493. 
Flax  seed,  570. 
Fleitmann's  test  for  arsenium, 

197. 

Flexible  collodion,  572. 
Flint,  418. 
Flores  zinci,  150. 
Flour,  563. 

Flowers  of  sulphur,  353.  • 
"  Fluid  magnesia,"  132. 
Flurorescin,  517. 
Fluoric  acid,  404. 
Fluoride  of  boron,  393. 

—  calcium,  114. 

— ■  —  in  bones,  122. 

—  lithium,  260. 

—  silicon,  405. 
Fluorides,  404. 
Fluorine,  405. 

—  derivation  of  word,  26. 
Fluor-spar,  114,  404. 
Fceniculifructus,  498. 
Foil,  copper,  217. 

—  tin,  278. 

Food,  analysis  of,  830. 

—  elements  of,  654. 

—  how  disposed  of   in  the 

Bodies  of  animals,  654. 
Force,  chemical,  ii,ctseq. 

—  origin  of,  32. 
Formates,  400. 

Formic  acid,  400,  576,  584. 
Formica  rnfa,  400. 
Formula,  chemical,  definition 
of,  58. 

—  official,  20. 

—  officinal,  20. 
Formulae,  37, 136. 

—  constitutional,  459. 

—  construction  of,  55. 

—  empirical,  459. 

—  graphic,  153. 

—  molecular,  54,  4G0. 

—  rational,  459. 

—  structural,  153,  459,  464 

516.  , 
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Formulae,  two-volume,  54, 

459- 

—  typical,  449. 

—  why  used  at  all,  465. 
Fousel-oil,  534. 
Fowler's  solution,  188. 
Foxglove,  598. 

Fractional    distillation,   448,  1 

524-  .  . 

—  crystallization,  81, 

448. 

—  elutnation,  149,  448. 

—  fusion,  448. 

—  lixiviation,  94,  448. 

—  operations,  448. 

—  precipitation,  82,  448. 

—  sifting,  440,  448. 

—  solution,  94,  448. 

—  sublimation,  100,  448. 
Frangula  bark,  400. 
Frangulin,  400,  600. 
Frnclus  ptycliotis,  4^95. 
Frankincense,  Arabian,  511. 

—  common,  511. 
Fraxinus  ornns,  554. 
Free  acids,  434. 

—  estimated,  751. 
Freezing-mixture,  357. 
French  chalk,  664. 

—  turpentine,  492. 
Fruit-essences,  485. 
Fuchsine,  664. 
Fulminating  silver,  251. 

—  mercury,  251. 
Fume-cupboard,  104. 
Fumerolles,  393. 
Fuming  sulphuric  acid,  364. 
Funnel-tubes,  n. 
"  Fur"  in  water- vessels,  370. 
Furniture  of  a  laboratory,  xx. 
Furze,  641. 

Fusel-oil,  534-  ,  '  , ,  r 
Fusibility  of  metals,  Table  of 

the,  715.  .  . 

Fusible    white  precipitate, 

236. 

Fusing-points  of  fats,  713. 
Fusion,  fractional,  448. 
Fustic,  659. 


Gab  tree,  426. 
Gadinine,  612. 
Galactose,  558,  562. 
Galbanuvt,  510. 
Galena,  240. 
—  argentiferous,  248. 
Galenical  preparations  of  the 
British  Pharmacopoeia, 

7°3-  ,  , 

Galiieacusparla,  641- 

Galipine,  641. 
Galipot,  505. 
Gall  of  the  ox,  658. 
Gal/a,  423- 

Gallic  acid,  426,  587,  589- 
Gallium,  844. 
Gallon,  721. 


Gallotannic  acid,  589. 
Galls,  Aleppo,  423. 
—  English,  422. 
Gall-stones,  702. 
Galvanic  test    for  mercury 
238. 

Galvanized  iron,  146. 
Gambier,  424. 
Gamboge,  510. 
Gambogic  acid,  510. 
Ganja,  505. 
Garancin,  661. 
Garcinia  indica,  551. 

—  Hanburii,  510. 

—  oil,  551. 

—  Victoria,  510. 

—  purpurea,  551. 
Garcinia-  purpurea-  oleum. 

SSI\ 

Garden  thyme,  498. 
Garlic,  essential  oil  of,  538. 
Gas-analysis,  427,  668. 

—  -burners,  6,  13. 

I  coal,  487,  540,  541,  664. 

I  —  definition  of,  59. 
I  —  for  balloons,  coal-,  14. 
I  —  -lamp,  6. 

Gases  and  Vapours,  analy- 
sis of,  427,  668. 

—  collection  of,  5,  6. 

—  correction  of  the  volume 
of,  731. 

 for  pressure,  731. 

 for  temperature,  732. 

—  diffusion  of,  15. 

—  law  of   solubility    of,  in 
water,  92. 

—  relation  of,  to  liquids  and 
solids,  37. 

—  specific  gravity  of,  731. 
Gastric  juice,  656. 

 artificial,  656. 

Gaultheria.  procumbent,  485. 
Gaultheric  acid,  485. 
Gay-Lussac's  law1,  51. 
Gelatigenous  substances,  655. 
Gelatine,  655. 

—  sugar,  658. 

—  tests  for,  656. 

—  vegetable,  570. 
Gelatinum,  655. 
Gelsemine,  642. 
Gelseminic  acid,  642. 
Gelseminine,  642. 
Gchemium,  642. 
Gentian  bitter,  600. 
Gentiana  lutea,  600. 
Gentiana  radix,  600. 
Gentianic  acid,  600. 
Gentioficnin,  600. 
Gcntiopicrin,  600. 
Gentisic  acid,  600. 
Gentisin,  600. 
Geraniol,  498. 

Geranium  maculatutn,  426. 
—  oil,  498. 

German  silver,  146,  271. 
Ghatti,  570. 


Gin,  526. 
Gingelly  oil,  553. 
Ginger,  essence  of,  501. 

—  -grass  oil,  498. 

—  oil,  501. 
Gingerol,  638. 

Girdwood  and  Rogers's  me- 
thod for  detecting  strych- 
nine, 676. 
Glacial  acetic  acid,  349. 

—  phosphoric  acid,  389. 
Glass,  420. 

—  liquor,  420. 

—  of  antimony,  203. 

—  rods,  72. 

—  soluble,  420. 

—  tubes,  to  bend,  6. 

 to  cut,  5. 

 to  draw  out,  119. 

Globulin,  651. 
Globulins,  654. 
Glonoine,  545. 
Glucinum,  844. 
Glucose,  556. 
Glucoses,  556. 
Glucosides,  594. 
Glucusimide,  530. 
Glue,  655. 
Gluside,  530. 

—  impurities  in,  837. 
Glutanic  acid,  593. 
Gluten,  and  Glutin,  563. 
Glyceric  acid,  584. 

—  hydrate,  520. 
Glycerine,  245,  520,  544. 

—  tests  for,  544. 
Glycerinum,  544. 

—  acidi  carbolici,  539,  54°- 

 gallici,  546. 

 tannici,  423,  54°- 

_  aluminis,  546. 

—  amyli,  546. 

—  boracis,  393,  546- 

—  impurities  in,  837.  _ 
_  plumbi  subacetatis,  243, 

540- 

—  tragacantlup ,  546. 
Glycerols,  544. 
Glyceryl,  544. 

—  borate,  395. 

—  caproate,  551. 

—  caprylate,  551. 

—  hydrate,  546. 

—  laurate,  551. 

—  margarate,  351. 

—  myristate,  551. 

—  oleatc,  546. 

—  palmitatc,  551. 

—  ricinolcate,  552. 

—  rutate,  551. 
_  tristearate,  547- 
Glycocholates,  O58. 
Glycocine,  658. 
Glycocoll,  658. 
Glycogen,  567. 

Glycol,  488,  543- 

—  trichlorethylidene,  579- 

Glycols,  488,  543- 
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Glycols,  aromatic,  543. 
Glycollic  acid,  488,  583. 

—  aldehyde,  488. 
Glycyrrhetin,  600. 
Glycyrr/iizir  radix,  561,  600. 
Glycyrrhizic  acid,  600. 
Glycyrrhizin,  600. 
Glyoxal,  488. 

Glyoxylic  acid,  584. 

 series,  584. 

Gnoscopine,  619. 
Goa  powder,  399. 
Gold,  282. 

—  analytical  reactions  of,  284. 

—  coin,  283. 

—  derivation  of  word,  27. 

—  earth,  660. 

—  fine,  283. 

—  jewellers',  283. 

—  leaf,  283. 

—  ochre,  660. 

—  perchloride,  284. 

—  sulphide,  284. 

—  yellow,  660. 
Golden  seal,  637. 

—  syrup,  561. 
Gossypium,  571, 

—  impurities  in,  837. 
Gothite,  171. 
Goulard's  cerate,  243. 

—  extract,  242. 

—  water,  243. 
Gracillaria,  570. 
Graham's    dialytic  process, 

828. 

—  law  of  diffusion,  15,  58. 
Grain,  731. 

Grains  of  paradise,  498. 
Gramme,  719. 

—  relation  of,  to  grains,  723. 
Granati  cortex,  425. 

—  radicis  cortex,  425. 
Granite,  153. 

Granulated  phosphorus,  386. 

—  sulphate  of  iron,  16 1. 

—  tin,  278. 

—  zinc,  10. 
Granulose,  565. 
Grape-sugar,  374,  556. 
Grapes,  dried,  374. 

—  sugar  in,  557. 

Graphic  formulae,  153,  463, 

467,  473- 
Graphite,  22. 

Grass  oils  (3),  497,  498,  501. 
Gravel,  692. 

Gravimetric  quantitative 

analysis,  771. 
Gravitation,  715. 
Gravity,  715. 

Green  chloride  of  iron,  167. 

—  Chinese,  663. 

—  copperas,  16:. 

—  emerald,  663. 

—  iodide  of  iron,  164. 
 mercury,  224. 

—  pigments,  663. 

—  sulphate  of  iron,  160. 


1  Green  ultramarine,  663. 
1  —  vitriol,  161. 

Greengage  essence,  485. 

Grey  powder,  222. 

Griffith's  mixture,  163. 

Grindelia  robusta,  642. 

Grindeline,  642. 

Ground-nut  oil,  553. 

Group  tests,  298. 

Guaiaci  lignum,  601. 

—  resina,  601. 
I  Guaiacin,  601. 
;  Guaiacol,  539. 

Guaiaconic  acid,  601. 
Guaiacum,  resin  of,  601. 
;  Guaiaretic  acid,  601. 
Guaiaretin,  601. 
Guaiaretinic  acid,  601. 
Guanine,  615. 
Guano,  428. 
Guarana,  647. 
Guaranine,  647. 
Guaza,  505. 

Guilandina  londucclla,  608. 
Guinea  grains,  498. 
Gulancha,  608. 
Gum,  126,  570. 

—  -acacia,  126,  570. 

—  arabic,  126,  570. 

—  Benjamin,  396. 

—  British,  567. 

—  cherry-tree,  570. 

—  resins,  504,  510. 

—  tragacanth,  127,  570. 
Gummate  of  calcium,  126. 

—  lead,  127. 
Gummic  acid,  570. 
Gunj,  601. 
Gunjah,  505. 
Gun-cotton,  571. 

 metal,  278. 

Gunpowder,  338. 
Gurjun  balsam,  508. 
Gittta  percha,  501. 
Gutta,  721.  • 
Gynocardia  odorata,  608. 
Gypsum,  114. 


Hamamelidis  cortex,  608. 

—  folia,  608. 
Haematein,  662. 
Haematin,  651, 
Haematite,  brown,  158,  171. 

—  red,  158,  171. 
Hcematoxyli lignum,  425,662. 
Hematoxylin,  662. 
Half-sovereign,  weight  of  the, 

283. 

Haloid  salts,  334. 
Hamamelis  Virginia,  608. 
Hambro'  blue,  662. 
Hard  soap,  549. 
Hardness  of  water,  370. 
Hashish,  505. 
Seat,  latent,  90,  143. 

—  related  to  chemical  action, 

735- 


Heat,  source  of,  6. 

—  specific,  144. 

Heavy   carbonate   of  mag- 
nesium, 131. 

—  magnesia,  133. 

—  spar,  112. 

—  white,  H2. 
Heberden's  ink,  182. 
Hectare,  719. 
Hcdeoma  pulegioides,  498. 
Hedeomol,  498. 
Helenin,  498. 
Heliotrope,  604. 
Hellebore,  black,  602. 

—  green,  602,  643. 

—  white,  643. 

 American,  643. 

Helleborein,  602. 
Helleborin,  602. 
Helleboms  niger,  602. 

—  viridis,  602. 
Hemialbumose,  657. 
Hemidesmi  radix',  40 r. 
Hemidesmic  acid,  401. 
Hemlock,  497,  640. 
Hemp,  Canadian,  608. 

—  Indian,  505. 
Hempseed  calculi,  702. 
Henbane,  642. 

Henry  and  Dalton's  laws,  92. 
Heptane,  474. 
Heptylic  acid,  584. 
Heptoicaldehyde,  497. 
Heptylene,  487. 
Herapathite,  625. 
Hesperidene,  496. 
Hesperidin,  608. 
Hcvea  (Siphonia)  Brasilien- 

sis,  501. 
Hexabasic  acids,  592. 
Hexabromobenzene,  513. 
Hexachlorbbenzene,  513. 
Hexads,  137. 

Hexahydnc  alcohols,  553. 
Hexahydropyridine,  646. 
Hexahydrodipyridyl,  644. 
Hexane,  474. 
Hexylene,  487. 
Hexylic  acid,  584. 
Hibisci  capsulce,  571. 
Hibiscus  esculcntus,  571. 
Hippuric  acid,  401,  694. 
Hips,  559. 
Hoffher's  blue,  663. 
Hollway's  smelting  process, 
216. 

Homatropine,  635. 
Homatropince  hydrochloras , 
63S- 

—  hydrobromas,  635. 

—  impurities  in,  837. 
Homochelidine,  646. 
Homologous  scries,  469. 

Homology,  469. 

Homopterocarpin,  661. 
Homoquinine,  629. 
Homotartaric  acid,  593. 
Honey,  559. 
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Honeydew,  561. 
Hop,  509,  615,  644. 

—  essential  oil  of,  509. 
Hordeum  decorticatum,  563. 

—  starch  of  (fig.),  565. 
Horehound,  608. 
Horse-chestnut,  642. 
Horseradish  oil,  496. 
Huile  dc  Cade,  509. 
Hunmlus  lupulus,  509,  644. 
Hydraigyri   iodidum  rub- 
rum,  226. 

 impurities  in,  837. 

—  nitratis  acidus  liquor,  228. 

—  oxidant  Jlavum,  233. 

 —  impurities  in,  837. 

 rubrum,  232. 

 impurities  in,  837. 

— perchloridum ,  229. 

 impurities  in,  837. 

— persulphas,  228. 

 impurities  in,  837. 

—  subchloridum,  231. 
 impurities  in,  837. 

—  sulphuretum     cum  sul- 

phure,  237. 
Hydrargyrum,  26,  221. 

—  impurities  in,  837. 

—  avimoniatum,  235. 
 impurities  in,  837. 

—  cum  creta,  222. 

 impurities  in,  837. 

Hydrastine,  637. 
Hydrastis  canadensis,  637. 
Hydrastis  rhizoma,  637. 
Hydrate  of  aluminium,  156. 

—  ammonium,  98. 

—  barium,  112. 

—  benzoyl,  586,  639. 

—  bismuth,  294. 

—  bromal,  582. 

—  butyl  chloral,  582. 

—  cadmium,  289. 

—  calcium,  116. 

—  cetyl,  536. 

—  chloral,  579. 

—  chromium,  276. 

—  cobalt,  269. 

—  copper,  219,  220. 

—  lime,  116. 

—  manganese,  268. 

—  nickel,  271. 

—  potassium,  64. 

—  sodium,  86. 

—  zinc,  152. 

Hydrated  oxide  of  iron,  169, 
170. 

—  substances,  90. 
Hydrates,  composition  of,  67. 

—  identified,  447. 

—  of  the  hydrocarbons,  520. 
Hydraulic  cement,  419. 
Hydrazine,  615. 
Hydrazobenzene,  514. 
Hydric,    acetate,  chloride, 

nitrate,  sulphate,  etc., 
set  the  respective  acids, 
acetic,  hydrochloric,  etc. 


Hydride  of  antimony,  209. 

—  arsenium,  196. 

—  benzoyl,  586. 

—  copper,  407. 

—  ethyl,  473. 

—  methyl,  471. 

—  phosphorus,  406. 

—  silicon,  420. 
Hydrides,  136. 
Hydriodic  acid,  315. 
Hydrium,  10. 
Hydrobromic  acid,  312. 

—  ether,  480. 
Hydrocarbons,  466. 

—  acetylene  series,  491. 

—  anthracene  series,  518. 

—  basylous,  466. 

—  benzene  series,  512. 

—  dihydroxyl  derivatives, 

543-  .  . 

—  monohydroxyl  derivatives, 

520. 

—  naphthalene  series,  517. 

—  neutral,  466. 

—  normal,  466. 

—  define  series,  487. 

—  paraffin  series,  471. 

—  polyhydroxyl  derivatives, 

553. 

—  saturated,  467. 

—  series  of,  469. 

—  terpene  series,  491. 

—  trihydroxyl  derivatives, 

544- 

—  unsaturated,  468. 
Hydrochlorate    of  apomor- 

phine,  621. 

—  morphine,  617. 

—  quinine,  624. 
Hydrochloric  acid,  22,  307. 
 analytical  reactions  of, 

3"-. , 

 antidote  to,  312. 

 common,  308. 

 dilute,  308. 

 in  organic  mixtures,  de- 
tection of,  673. 

 volumetric  estimation 

of,  753; 
Hydrochlorides,  308. 
Hydrocotarnine,  619. 
Hydrocotoin,  598. 
Hydrocotyle  asiatica,  608. 
Hydrocyanic  acid,  32^. 
 analytical  reactions  of, 

328._ 

 antidotes  to,  329. 

 diluted,  326. 

 from  bitter  almond  and 

cherry-laurel,  596. 

 inhalation  of,  327. 

 in    organic  mixtures, 

detection  of,  674. 

 in  the  blood,  330. 

 Schonbcin's    test  for, 

330-  ;  .  .  , 
 volumetric  estimation  or, 

75<5. 


Hydroferricyanic  acid,  403. 
Hydroferrocyanic  acid,  402. 
Hydrofluoric  acid,  404. 
Hydrogen,  10. 

—  antimoniuretted,  209. 

—  arseniuretted,  196. 

—  benzoate,     borate,  etc., 

vide  the  respective  acid*, 
benzoic,  boracic,  etc. 

—  combustion  of,  12. 

—  derivation  of  word,  24. 

—  explosion  of,  12. 

—  functions  of,  136. 

—  heavy  carburetted,  487. 

—  in  artificial  light-producers, 

12. 

—  light,  carburetted,  471. 

—  lightness  of,  14. 

—  peroxide,  112. 

—  persulphide,  354. 

—  phosphoretted,  406. 

—  preparation  of,  10. 

—  properties  of,  11,  14. 

—  quantitative  estimation  of, 

in  organic  compounds, 
807,  et  seq. 

—  salts  of,  305. 

—  siliciuretted,  420. 

—  sulphuretted,  105,  352. 

—  type,  449- 

—  used  for  balloons,  14. 

—  weight  compared  with  air, 

—  weight  of  1  litre,  733- 

—  weight  of  too  cubic  inches, 

733-  . 
Hydrogcnium,  10.  . 
Hydrolysis,  547. 
Hydrolysts,  526. 
Hydrometers,  727. 
Hydroquinine,  629. 
Hydroquinone,  542,  597,  622. 
Hydrosulphuric  acid,  352. 
Hydrosulphurous  acid,  409. 
Hydrosulphyl,  354. 
Hydrous  butyl  chloral,  582. 
— ■  compounds,  90,  132. 

—  ferric  chloride,  167. 
Hydroxyacetic  acid,  488,  586. 
Hydroxy  benzoic  acid,  587. 

—  aldehyde,  588. 
Hydroxybcnzylic  alcohol,  543 
Hydroxybutyric  acid,  584. 
Hydroxycaproic  acid,  584. 
Hydroxydodccylic  acid,  584. 
Hydroxyformicacid,  583,  584 
Hydroxyheptilic  acid,  584. 
Hydroxyl,  67,  354- 
Hydroxylamine,  615. 
Hydroxyoctilic  acid,  584. 
Hydroxypentylic  acid,  584. 
Hydroxy-propanc-tricarboxy- 

lic  acid,  592. 
Hydroxypropionic  acid,  584. 
Hydroxysuccinic  acid,  591. 
Hydroxytoluic  acid,  587. 
Hygiene,  3. 
Hyoscine,  642. 
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Hyoscyami  folia,  642. 
Hyoscyamia,  642. 
Hyoscyamine,  642. 
Hyper-,  meaning  of,  166. 
Hypnone,  594. 
Hypo-,  meaning  of,  407. 
Hypobromites,  314. 
Hypochloride  of  sulphur,  357. 
Hypochlorite  of  calcium,  124. 

—  sodium,  93. 
Hypochlorites,  341. 
Hypochlorous  acid,  341. 
Hypog^in,  553. 
Hypophosphoric  acid,  417. 
Hypophosphite    of  calcium, 

406. 

■ —  sodium,  406. 
Hypophosphites,  406. 
Hypophosphorous  acid,  407. 
Hyposulphite     of  calcium, 
355- 

—  sodium,  408. 

 standard    solution  of, 

768. 

Hyposulphites,  408. 
Hyposulphurous  acid,  409. 


-ic,  meaning  of,  75,  160. 
Icacin,  509. 

Iceland  moss,  399,  567. 

-ide,  meaning  of,  79. 

Igasurine,  631. 

Ignition,  no. 

Illiciunt  anisatam,  495. 

Illuminating  agents,  analysis 

of,  830. 
Imidogen  bases,  514. 
Imidazoic  acid,  615. 
Incense,  511. 
Inch,  721. 
Incineration,  no. 

—  of  niters    in  quantitative 

analysis,  772. 
Indelible  ink,  250. 
Indestructibility  of  force,  31. 

—  of  matter,  1,31. 
Indian,  barberry,  637. 

—  gamboge,  510. 

—  hemp,  505. 

—  ink,  664. 

—  ipecacuanha,  642. 

—  liquorice,  601. 

—  melissa  oil,  501. 

—  mustard,  538. 

—  pennywort,  608. 

—  red,  662. 

—  yellow,  660. 
India-rubber,  501. 

 vulcanized,  501. 

Indican,  339. 
Indicator,  740. 
Indiglucin,  339. 
Indigo,  339. 

 blue,  339. 

—  sulphate  of,  339. 

—  -white,  339. 

—  wild,  636. 

AC. 


Indigogen,  339. 
Indigotin,  339. 

—  disulphonic  acid,  339. 
Indium,  844. 

Infusible    white  precipitate, 

236. 
Infusions,  703. 

Infusum  cinchonte  acidum, 
623. 

Inhalation  of  chlorine,  21. 

—  conine,  640. 

—  hydrocyanic  acid,  327. 
Inhalations,  703. 

Injectio  apomorphince  liypo- 

dermica,  621. 
 impurities  in,  837. 

—  morphines  hypodermica, 

617. 

Ink,  black,  182,  424,  664. 

—  Hebeden's,  182. 

—  indelible,  250. 

—  Indian,  664. 

—  invisible,  270. 

—  marking,  250. 

—  printer's,  664. 

—  sympathetic,  270. 
Inorganic  chemistry,  455. 
— ■  compounds,  455. 
Inosite,  558. 
Insecticide,  507. 
Introduction,  1. 

Inula  Helenium,  498,  567. 
Inulic  anhydride,  498. 
Inulin,  566. 
Inulol,  498. 
Inverted  sugar,  557. 
Invisible  ink,  270. 
Iodal,  582. 

Iodate  of  potassium,  77,  346. 

Iodates,  346. 

Iodic  acid,  346. 

Iodide  of  ammonium,  316. 

—  antimony,  203. 

—  arsenium,  187. 

—  bismuth    and  potassium, 

682. 

—  cadmium,  289. 

—  copper,  319. 

—  ethyl,  480. 

—  hydrogen,  316. 

—  iron,  23,  164. 

—  lead,  244. 

—  potassium,  77,  317. 

 detection  of  iodate  in, 

.,79- 

—  silver,  252,  318. 

—  starch,  318,  564. 

—  sulphur,  317. 
Iodides,  315. 

—  analytical  reactions  of,  318. 

—  of  mercury,  224. 

—  quantitative  estimation  of, 

794-  . 

—  separation   of,   from  bro- 

mides and  chlorides,  320. 
Iodine,  22,  316. 

—  its  analogy  to  chlorine  and 

bromine,  316,  323. 


Iodine,  chloride,  316. 

—  derivation  of  word,  24. 

—  moisture  in,  795. 

—  molecular  weight   of,  225, 

316. 

—  solution  of,  317. 

—  standard  solution  of,  761. 

—  tincture  of,  317. 

—  volumetric   estimation  of, 

769. 

—  water,  317 
Iodo-salicylic  acid,  588. 
Iodoform,  479,  529. 
Iodol,  613. 
Iodopyrrol,  613. 
lodum,  315. 

—  impurities  in,  837. 
Ipecacuanha,  641. 
Ipomcea  orizabensis  602. 

—  purga,  602. 

—  simulaus,  603. 

—  turpethum,  229. 
Iridin,  608. 
Iridium,  286,  844. 

—  chloride,  682. 
Iris fiorentina,  498. 

—  versicolor,  608. 
Irish  moss,  570. 
Irisin,  608. 
Iron,  158. 

—  acetate,  171,  351. 

—  acetonitrate,  177. 

—  alum,  154. 

—  ammonio-citrate,  172. 
 tartrate,  172. 

—  analytical  reactions  of,  180. 

—  arseniate,  163,  191,  201. 
 volumetric  estimation  of, 

766. 

—  bromide,  165. 

—  carbonate,  162. 
 saccharated,  162. 

—  cast,  158. 

—  chloride,  green,  167. 

—  citrate,  176. 

 and  quinine,  173,  174, 

624. 

—  compounds,  nomenclature 

of,  159. 

—  derivation  of  word,  25 

—  detection  of,  in  presence  ol 

aluminium  and  zinc,  183. 

—  dialysed,  179. 

—  ferrocyanide  of,  403. 

—  galvanized,  146. 

—  hydrate,  169. 

—  hydrated  oxide,  169. 

—  iodate,  346. 

—  iodide,  23,  164. 

—  magnetic  oxide  of,  158. 
 estimation  of  iron  in, 

767. 

—  meconate,  412. 

—  nitrate  (pernitrate)  of,  176. 

—  in  official  compounds,  esti- 

mation of,  784. 

—  ore,  magnetic,  158. 
 needle,  170. 

3  K 
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Iron  ore,  spathic,  158. 

 specular,  158. 

 oxide,  170,  171. 

—  oxyhydrates,  170. 

—  oxysulphate,  161. 

—  perchloride,  anhydrous 

165. 

—  perhydrate,  169. 
-  pernitrate,  176. 

—  peroxide,  170. 
 separation     of,  from 

phosphates  and  oxalates, 

444-  '  . 

—  peroxyhydrate,  169. 

—  persulphate,  168. 

—  phosphate,  163,  180,  390. 

—  volumetric  estimation  of, 

766.  . 

—  potassio-citrate,  172. 
 tartrate,  172. 

—  pyrites,  158. 

—  quantitative  estimation  of, 

784. ; 

—  red  oxide  of,  171. 

—  reduced,  177. 

—  rust  of,  159. 

—  saccharated  carbonate  of, 

162. 

 volumetric  estimation 

of,  766. 

—  salts,  nomenclature  of,  159. 

—  scale,  compounds  of,  172. 

—  separation   of,  from  alu- 

minium, and  chromium, 
276. 

-  sodio-citrate,  176. 
 tartrate,  176. 

—  sulphate,  160. 

—  -sulphide,  23,  164,  180,  181. 

—  sulphocyanate,  182,  421. 

—  tartrate,  175. 

—  wine  of,  176. 

—  wrought,  158. 
Ironstone,  clay,  158. 

—  chrome,  273. 
Isaconitine,  633. 
Isatropyl-ecgonine,  639. 
Isinglass,  655. 

I  so,  meaning  of,  54,  572. 
Isoamylic  hydride,  474. 
Isobutane,  474. 
Isoheptoic  acid,  498. 
Isomeric  bodies,  572. 
Isomerides,  572. 

—  physical,  574. 
Isomerism,  572. 
Isomers,  572. 

Isomorphism,  the  doctrine  of, 
54- 

Isomorphous  bodies,  54. 
/soil a  11 lira  gtttta,  501. 
Isonitriles,  575. 
[sophthalic  acid,  592. 
Isopropylactic  acicf,  582. 
Isorottlerin,  507. 
Ispaghul,  571. 
-ite,  meaning  of,  79. 
Ivory-black,  663. 


Jaboramli,  645. 
Jaboridine,  645. 
Jaborine,  645. 
Jalap,  Mexican  male,  602. 

—  resin,  602. 

—  Tampico,  603. 

—  true,  602. 
Jalapa,  602. 

—  impurities  in,  837. 
Jalapa  resina,  602. 

 impurities  in,  837. 

Jalapic  acid,  602. 
Jalapin,  602. 
Jalapinol,  602. 

James's  powder,"  208. 
Japaconitine,  633. 
Jaune  brillant,  288. 
Jelly,  vegetable,  570. 
Jequeritin,  601. 
Jequerityzymase,  601. 
Jequirity,  601. 
Jervine,  643. 
Juices,  703. 
Juniper-oil,  498. 
Juniper  tar  oil,  509. 
Juniperus  oxycedrus,  509. 
Juniperus  sabiua,  500. 


Kainite,  63. 
Kairine,  614,  628. 
Kairoline,  628.  . 
Kaladana  resin,  603. 
Kali,  25,  94. 
Kalium,  25. 
Kamala,  507. 
Kaolin,  419. 
Kariyat,  608. 
Kelp,  315.  _ 
Kermes,  mineral,  207. 
Ketonechloroform,  479. 
Ketones,  594. 
Ketose,  556. 
Kieselguhr,  653. 
Kieserite,  129. 
Kilbride  mineral,  171. 
Kiln,  116. 
Kilogramme,  719. 
Kilolitre,  719. 
Kilometre,  719. 
Kinates,  see  Quinates. 
Kinetic  theory,  15. 
King's  blue,  662. 
Kino,  425. 
Kinone,  See  QuittOtU. 
Kiwach,  278. 
Kjeldahl's  process,  812 
Kokum  butter,  551. 
Kola-nut,  647. 
Kosin,  506. 
(Coussiii)  506. 
Kousso,  506. 
Kramcrhc  radix,  425. 
Kunch,  601. 


Laboratory  furniture,  xx. 
Laburnum,  641. 


Lac,  651. 
Lac,  662. 

—  -dye,  662. 

—  -seed,  662. 

—  shell,  662. 

—  stick,  662. 
Lactams,  604. 
Lactates,  410. 

Lactic  acid,  410,  583,  584. 
 volumetric  estimation  of, 

753-  • 

—  series  of  acids,  583. 

 relations  to  acetic  and 

glyoxylic  series,  584. 
Lactims,  604. 

Lactoglucose,  see  Glucose. 
Lactometer,  653. 
Lactone,  604. 
Lactones,  604. 
Lactose,  561. 
Lactuca,  608. 
Lactucarium,  608. 
Lactucin,  608. 
Ladies'  slipper,  608. 
Laevogyrate,  556. 
Laivoracemic  acid,  376. 
Leevorotation,  557. 
Lfevotartaric  acid,  376. 
La:vulose,  557,  559.' 
Lakes,  661. 

Lamella  atrophia;  635. 

—  physostigmina;,  644. 
Lampblack,  663. 
Lamps,  gas-,  6. 
Lana  j>hilosophica,\%o. 
Lanolin,  548. 
Lanthanum,  844. 
Lanthopine,  619. 
Lapis  lazuli,  663. 
Lappa,  608. 

—  officinalis,  608. 
Larch  bark,  425. 
Lard,  550. 

—  benzoated,  550. 

—  oil,  551. 

—  prepared,  550. 

—  purified,  550. 
Laricis  cortex,  425. 
Larix  curoptea,  425. 
Larixin,  425. 
Larixinic  acid;  425. 
Latent  heat,  90,  143. 
Laudanine,  619. 
Laudanosme,  619. 
Laughing-gas,  102. 
Lauratc  of  glyceryl.  55" 
Laurel-camphor,  502. 
Laurie  acid,  551,  584- 

—  aldehyde,  500. 
Laurocc'rasi folia,  596. 
Lavender  oil,  498. 

—  water,  495.  , 

"  Law,"   Avogadro  s  an 
Ampere's,  52. 

—  Berthollct's,  450. 

—  Boyle's,  52,  732. 

—  Charles's,  52,  732. 
-  Dalton's,  45.  46. 
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"  Law,"  Dulong  &  Petit's, 
736- 

—  Gay-Lussac  s,  52. 

—  Graham's,  15,  58. 

—  Henry  &  Dalton's,  92. 

—  Malaguti's,  450. 

—  Mariotte's,  52,  731. 
Law  concerning  molecular 

weight,  54. 

—  of  constant  proportions,  44. 

—  diffusion,  definition  of,  58. 

—  indestructibility  of  matter, 

1. 

—  multiple  proportions,  46, 

225-  . 

—  solubility     of    gases  in 

liquids,  92. 

—  The  Periodic,  450. 

Laws  of  chemical  combina- 
tion by  weight,  44,  50, 
59,  225,  et  sea. 

—  chemical  combination  by 

volume,  51,  59,  et  seq. 
Lead,  240. 

—  acetate,  242. 

—  analytical  reactions  of,  245. 

—  antidotes  to,  246. 

—  carbonate,  241,  247. 

—  chloride,  245. 

—  chromate,  246. 

—  derivation  of  word,  26. 

—  detection  of,  in  organic 

mixtures,  673. 

—  gummate  of,  127. 

—  hydrato-carbonate,  241. 

—  iodide,  244. 

—  nitrate,  243. 

—  oleate,  244. 

—  oxide,  240. 

—  oxyacetate,  242. 

—  oxychromate,  246. 

—  perchloride,  244. 

—  peroxide,  243. 

—  plaster,  244. 

—  puce-coloured    oxide,  or 

peroxide  of,  243. 

—  pyrophorous,  178. 

—  quantitative  estimation  of, 

791. 

—  quantivalence,  241. 

—  red,  243. 

—  shot,  240. 

—  subacetate,  242. 

—  sugar  of,  242. 

—  sulphate,  246. 

—  sulphide,  245. 
 native,  240. 

—  test  for,  in  water,  245. 

—  tree,  247. 

—  volumetric  estimation  of, 

solutions  of  acetate  of, 

7.4°-  ■ 

—  white,  241. 
Leadstone,  158. 
Leaf-green,  663. 
Lecanora,  663. 
Lees,  374. 
Legumin,  654. 


Lemon  and  Kali,  94. 
Lemon-chrome,  246. 

—  grass  oil,  501. 

—  juice,  382. 

 estimation  of  mineral 

acids  in,  800. 

—  oil,  496. 
Length,  unit  of,  719. 
Lentisk  tree,  506. 
Lepidolite,  260. 
Leptandrin,  609. 
Leptandra,  609. 

—  virginica,  609. 
Leucic  acid,  584. 
Leucine,  612. 
Leucomaines,  612. 
Levisticum ,  510. 
Levulose,  557. 
Lichen  blue,  663. 

—  sugar,  553. 
Lichenin,  567. 

Light  carbonate  of  magnesi- 
um, 131. 

—  carburetted  hydrogen,  471. 
Light  magnesia,  133. 
Lignin,  571. 

Lime,  bisulphite,  359. 

—  carbonate,  117. 
 precipitated,  118. 

—  caustic,  116. 

—  chloride  of,  124. 

—  hydrate,  116. 

—  juice,  383. 

 estimation   of  mineral 

acids  in,  800. 

—  -kiln,  1 16. 
 oil,  496. 

—  phosphate,  121. 

—  quick,  116. 

—  slaked,  116. 

—  sulphurated,  125. 

—  water,  117. 
Limestone,  114.  . 

—  magnesian,  129. 

—  mountain-,  129. 
Limonenes,  492. 
Limonis  cortex,  496. 

—  succus,  382,  837. 
Limonite,  171. 
Linamarin,  596. 
Lino,  farina,  552. 

—  semina,  551. 
Liniment  of  m'.cury,  222. 
Liniments,  703. 
Linimcntum  ammonite,  549. 

—  calcis,  549. 

Linkage  of  atoms,  463,  516. 
Linoleine,  552. 
Linoxyn,  552. 
Linseed,  552,  570. 

 cake,  552.   

 oil,  551. 

 tea,  570. 

Linum  usitatissimum,  570. 

Liqueurs,  526. 

Liquid,  definition  of,  59. 

—  camphor,  502. 
Liqitidambar  orientate,  590. 


Liquids,  specific  gravity  of, 
725. 

—  official,  specific  gravity  of, 

726. 

Liquor  acidi  chromici,  274. 

—  ammonite,  99. 
 fortior,  99. 

 impurities  in,  837. 

—  atnmonii  acetatis,  100. 

—  fortior,  100. 

 citratis,  102. 

 fortior,  102. 

—  antimonii  chloridi,  203. 
 estimation    of  anti- 
mony in,  786. 

 impurities  in,  838. 

—  ursenicalis,  188. 
 impurities  in,  838. 

—  arsenici  hydrochloricus, 

189. 

 impurities  in,  838. 

—  arsenii  et  hydrargyri  iodi- 

dum,  188. 

—  atropince  sulphatis,  636. 

—  bismuthi,  294. ' 

 et  ammonii  citratis ,294. 

 estimation  of  bis- 
muth in,  788. 
 impurities  in,  838. 

—  calcii  chloridi,  115. 

—  calcis,  117. 

 impurities  in,  838. 

— ■ —  chlorinate,  125. 

 impurities  in,  838, 

 saccharatus,  117. 

 impurities  in,  838. 

—  chlori,  20,  310. 
 impurities  in,  838. 

—  cocaina  hydrochloratis, 

638.  .  *  . 

—  fern  acetatis,  172. 

 fortior,  172. 

 impurities  in,  838. 

 estimation  of  iron 

in,  784. 

 dialysatus ,  179,  828. 

 pcrchloridi,  t68. 

 fortior,  167. 

 estimation  of  iron 

in,  784. 

 impurities  in,  838. 

 pernitratis,  177. 

 estimation  of  iron  in 

78<".    -.  •  Yw 

— .  impurities  111,  838. 

 persulphatis,  169. 

 estimation  of  iron  in, 

784-  .  .  .  „  „ 
 impurities  111,  838. 

—  gutta  percha,  502. 

—  glonoini,  545. 

— hydrargyri nitratis  acidus 
228. 

 impurities  in,  838 

 pcrchloridi,  231. 

—  iodi,  317. 

—  lithiie  effervescens,  261. 
 -  —  impurities  in,  838. 
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Liquor  magnesu  carbon- 
aiis,  132. 

 impurities  in,  838. 

 citratis,  133. 

—  morphines  acetatis,  617. 

 hydrochloratis,  617. 

 bimeconatis,  618. 

—  morphines  sulphatis,  618. 

—  nitroglycerini,  545. 

—  plumbi,  subacctatis,  242. 

 diluties,  242. 

 impurities  in,  838. 

—  potasses,  64. 

 impurities  in,  838. 

 effervescens,  75. 

 impurities  in,  838. 

— potasses,  neutralizing 
power  of,  69. 

—  —  specific  gravity  of,  727. 
 to  prepare,  69. 

—  potassii  permanganatis, 

265. 

—  soda,  86. 

 impurities  in,  838. 

 chlorinate,  93. 

 impurities  in,  838. 

 effervescens,  91. 

 impurities  in,  838. 

—  sodii  arseniatis,  191. 
 ethylatis,  528. 

—  strychnines  hydrochloratis, 

631. 

—  zinci  chloridi,  148. 
Liquorice,  561,  600. 

—  sugar,  561,  600. 
List  of  apparatus,  xix. 

—  chemical  substances,  xxi. 

—  reagents,  xx. 
Litharge,  241. 
Lithates,  428. 
Lithii  carbonas,  260. 
 impurities  in,  839. 

—  citras,  260. 

 impurities  in,  839. 

Lithic  acid,  42b. 
Lithium,  260. 

—  analytical  reactions  of,  261. 

—  and  platinum  chloride,  261. 

—  carbonate,  260. 

—  citrate,  260. 

 derivation  of  word,  26. 

—  flame,  261. 

—  fluoride,  260. 

—  silicate,  260. 

—  sulphate,  261. 

—  urate,  261. 
Litmus,  103,  662. 

—  paper,  103. 

—  solution  of,  103,  750. 

—  tincture  of,  103. 
Litre,  719. 

—  relation  of,  to  pints,  720. 
Liver  of  sulphur,  70. 
Lixiviation,  94. 

—  fractional,  448. 
Loadstone  or  lodcstone,  158. 
Lobelia,  644. 

Lobelina,  644. 
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Lobeline,  644. 
Lodestone,  158. 
Loganetin,  603. 
Loganin,  603. 
Logwood,  425,  662. 

—  solution  of,   bleached  by 

chlorine,  21. 
Lokas,  663. 
Long  pepper,  645. 
Looking-glasses,  278. 
Lotio  hydrargyri  jlava,  233. 

 nigra,  234. 

Louisa-blue,  662. 
Lozenges,  355,  703. 

—  bicarbonate  of  sodium,  92. 
— ■  bismuth,  292. 

—  chlorate  of  potassium,  344. 

—  morphine,  618. 

—  —  and  ipecacuanha,  618. 

—  reduced  iron,  178. 

—  sulphur,  355. 
Lucifers,  16. 
Lump-sugar,  559. 
Lunar-caustic,  250. 
Lupulin,  509. 

—  oleo-resin  of,  509. 
Lupuline,  644. 
Lupulinic  acid,  509. 
Lupulinum,  509. 
Lupulus,  509,  644. 
Luteolin,  660. 
Lutidine,  613. 
Luting,  106. 

—  fire-clay,  230. 

—  linseed-meal,  106. 
Lycopodium,  552. 

—  clavatum,  552. 


Mace,  fixed  oil  of,  550. 

—  volatile  oil  of,  499. 
Macleyine,  646. 
Madder,  518,  661. 
Magenta,  664. 
Magnesia,  133. 

—  calcined,  133. 

—  carbonate  of,  131,  132. 

—  effervescing  citrate  of,  133. 

—  fluid,  132. 

—  heavy,  133. 

—  hydrous  carbonate  of,  131. 

—  impurities  in,  839. 

—  light,  133. 

—  sulphate,  129.  . 
Magnesia  levis,  133. 

—  ponderosa,  133. 

—  impurities  in,  839. 
Magnesian  limestone,  129. 
Magncsii  carbonas  levis,  131. 

 impurities  in,  839. 

 ponderosa,  \yi . 

 —  impurities  in,  839. 

—  carbonatis  liquor,  132. 

—  citratis  liquor,  133. 

—  sulphas,  129. 

 impurities  in,  839. 

Magnesitc,  129. 


Magnesium,  129. 

—  analytical  reactions  of,  134. 

—  and  ammonium,  arseniate 

of.  *34- 

 phosphate  of,  134,  300. 

 sulphate  of,  803. 

—  carbonate,  131. 

—  chloride,  129. 

—  citrate,  134. 

—  derivation  of  word,  25. 

—  detection  of,  in  presence 

of  barium  and  calcium, 

139-  , 

—  euxanthate,  660. 

— ■  for  analytical  purposes,  197. 

—  oxide,  133. 

—  phosphates,  in  bones,  1 22. 

—  purrate,  660. 

—  quantitative  estimation  of, 

781. 

—  separation    from  barium 

and  calcium,  139. 

—  silicate,  418,  419. 

—  sulplias  effervescens,  130. 

—  sulphate,  129. 
Magnetic  iron  ore,  158. 
Magnolia,  608. 

Magpie  test  for  mercury,  239. 
Maize  starch  (fig.),  565,  566. 
Malachite,  216. 
Malaguti's  law,  450. 
Malate  of  atropine,  634. 

—  nicotine,  644. 
Malates,  411. 

Male  fem,  oil  of,  552. 
Malic  acid,  411,  591. 

—  series  of  acids,  591. 
Mallow  tea,  570. 
Malonic  acid,  593. 
Malt,  569. 

—  extract,  569. 

—  substitutes,  558. 
Maltose,  558,  560,  561. 
Manganate  of  potassium,  80, 

265. 

—  sodium,  266. 
Manganese,  264. 

—  analytical  reactions  of,  267. 

—  black  oxide  of,  264. 

—  Crum's  test  for,  268. 

—  derivation  of  word,  27. 

—  quantitative   analysis  of, 

black  oxide  of,  782. 
Mangancsii  oxidum  nigrum, 
264. 

Mang.mous  chloride,  265. 

—  hydrate,  268. 

—  sulphide,  267. 
Mangostccn  oil,  551. 
Manilwt,  starch  of  (fig.), 
Manna,  554. 

—  impurities  in,  839. 
Mannite,  554. 

Manufacturing  chemists  2. 
Manures,  analysis  of,  830. 
Maranta,  starch  of  (fig.),  565- 
Maraschino,  526. 
Marble,  115. 
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Margarine,  550. 
Margosa  bark,  60S. 
Marigold,  608. 
Marine  soap,  551. 
Mariotte's  law,  52,  731. 
Marking-ink,  250. 
Marl,  153. 

M armor  album,  115. 
Marmbium,  608. 
Marseilles  soap,  549. 
Marsh-gas,  471. 
Marsh  gas  series,  470. 
Marshmallow,  570. 
Marsh's  test   for  arsenium, 

195. 
Massicot,  241. 
Mastic,  506. 
Mastiche,  506. 
Mastichic  acid,  506. 
Masticin,  507. 
Mate,  647. 
Matictz folia,  609. 
Matico,  609. 

Matricaria  chamomilla,  496 . 
Matter  indestructible,  i,  32. 

—  origin  of,  32. 
Mauve,  597,  664. 
May-apple,  507. 
Mayer's  reagent,  745. 
Meadow-sweet,  588,  604. 

—  oil  of,  485,  588,  604. 
Measures,  720,  et  seg. 
Mechanical     and  chemical 

combination,  23,  2y. 

—  medicines,  278. 
Meconate  of  iron,  412. 

—  morphine,  618. 
Meconic  acid,  412,  677. 
Meconidine,  619. 
Meconin,  619. 
Meconoisin,  619. 
Meerschaum,  418. 
Mel,  561. 

—  impurities  in,  839. 

—  boracis,  393. 

—  depuratum,  559. 
Melam,  422. 
Melasses,  561. 
Meleguetta  pepper,  498. 
Meletizose,  561. 
Melia  azedarac/i,  608. 
Melissa  oil,  501. 
Melissic  acid,  582,  584. 
Melissic  alcohol,  536. 
Melissyl,  palmitate  of,  536. 
Melitose,  561. 
Melliticacid,  592. 
Mellon,  422. 

Melon  essence,  485. 
Melting-points,  table  of,  714, 
7*5; 

'■  of  fats,  etc.,  714. 

 to  determine,  713. 

 of  metals,  715. 

Memoranda,  analytical.  to8, 

?S5,  299.  432- 
Menispermum  canaiiense, 

637. 


I  Mentlia  arvenis,  499. 
1  —  jnilegium,  499. 

Menthene,  499. 
;  Menthol,  499,  538. 

Mercaptans,  529. 

Mercurialine,  611. 

Mercuric  ammonium, 
chloride  of,  235. 

—  chloride,  229. 

—  cyanide,  325. 

—  hexiodide,  316. 

—  iodide,  224. 

I  —  nitrate,  227. 

—  oxide,  232. 

—  oxynitrates,  228. 

—  oxysulphate,  229. 
J  —  phenylate,  541. 

I  —  salts,  223. 
 analytical  reactions  of, 

234- 

—  sulphate,  228. 

—  sulphide,  237. 

—  sulphocyanate,  422. 
Mercttrius  vita,  204. 
Mercurous  ammonium,  chlo- 
ride of,  236,  237. 

—  chloride,  231,  238. 

—  chromate,  239. 

—  compounds,  223. 

—  iodide,  224. 

—  nitrate,  227. 

—  oxide,  233. 

—  salts,  223. 

 analytical  reactions  of, 

234.  237)  238- 

—  sulphate,  229. 

—  sulphide,  237. 
Mercury,  221. 

—  amido-chloride,  235. 

—  ammoniated,  235. 

—  ammonio-chloride,  235. 

—  analytical  reactions  of,  234. 

—  antidotes  to,  239. 

—  basic  sulphate,  229. 

—  bichloride,  229. 

—  black  oxide,  233. 

—  carbonates,  239. 

—  chlorides,  229. 

—  derivation  of  word,  26. 

—  detection    of,    in  organic 

mixtures,  671. 

—  formula  of,  221 . 

—  fulminate,  251. 

—  galvanic  test  for,  238. 

—  hexiodide,  316. 

—  iodides,  224. 

—  magpie  test  for,  238. 

—  molecular  weight  of,  222. 

—  native  sulphide,  221. 

—  nitrates,  227. 

—  nomenclature  of  salts  of, 

223. 

—  of  life,  204. 

—  oleate  of,  548. 

—  oxides,  232. 

—  oxynitrates,  228. 

—  oxysulphate,  229. 

—  oxysulphide,  237. 


Mercury,  perchloride  229. 

-  persulphate,  228. 

-  phenylate,  541. 

-  quantitative  estimation  of, 

789. 

-  subchlonde,  231,  238. 

-  sulphates,  228. 

-  sulphide,  221,  237. 

-  yellow  oxide,  233. 
Mesitylene,  512. 
Mesoxalic  acid,  593. 

Meta,  meaning  of,  etc.,  413, 
542- 

Metaboric  acid,  393. 
Metachloral,  579. 
Metacinnamein,  589. 
Metagummic  acid,  570. 
Metaldehyde,  578. 
Metallic  elements,  4. 
Metalloids,  4. 

Metals,  4. 

-  of  minor  pharmaceutical 

importance,  259. 

-  quantitative  estimation  of, 

771- 

-  table  of  the  fusibility  of, 

715- 

Metamendes,  573. 
Metamerism,  573. 
Metamers,  573. 
Metantimonic  acid,  205. 
Metaphosphates,  413. 
Metaphosphoric  acid,  389,413 
Metastannates,  280. 
Metastannic  acid,  280. 
Metastyrol,  590. 
Metathesis,  59,  82,  116. 
Metavanadates,  392. 
Methacrylic  acid,  585. 
Methane,  471. 

-  series,  470. 

-  substitution  products  of, 

476- 

Methoxycatechol,  396. 
Methylal,  579. 
Methylamine,  611. 
Methylated  spirit,  521. 

-  sweet  spirit  of  nitre,  523. 
Methyl-benzene,  515. 

-  arbutin,  597. 

-  -carbinol,  523. 

-  chloride  of,  476. 

-  -conine,  640. 

-  -dichlorobenzene,  515. 
--ethyl,  473. 

-  -formic  acid,  576. 

-  group,  515. 

-  hydride  of,  471. 

-  -monochlorobenzene,  515. 

-  -morphine,  621. 

-  nonyl-ketone,  500,  594. 

-  -pheniiene,  512,  515. 

-  -propyl-phenoene,  512,  515. 

-  -prijtocatechuic  aldehyde, 

431. 

-  salicylate  of,  485,  586. 

-  -theobromine,  648. 

-  trichlorobenzene,  515. 
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Methylic  acid,  584. 
Methylic  alcohol,  521. 

—  alcohol  detected  in  pres- 

ence of  ethylic  alcohol, 
522. 
Metre,  720. 

—  relation  of,  to  inches,  721. 
Metric  system,  717,  etseq. 
Metrical  system,  weights  and 

measures  of,  719,  et  seq. 

Metrical  system  of  weights 
and  measures,  its  rela- 
tion to  the  British,  721, 
et  seq. 

Meum,  510. 

Mezerei  cortex,  507,  598. 
Mica,  154. 
Mica,  pants,  560. 
Microcosmic  salt,  442. 
Microscopic  examination  of 

urinary  sediments,  694. 
Microscopy  of  starches,  565. 
Micro-spectroscope,  669. 
Milk,  651. 

—  -poison,  613,  682. 

—  -curdling  ferment,  652. 

—  of  sulphur,  354. 

 sugar,  561. 

Mimetesite,  392. 
Mimotannic  acid,  425. 
Mineral  acids,  detection  of, 

in     organic  mixtures, 
673. 

Mineral,  chameleon,  266. 

—  kermes,  206. 

—  Kilbride,  171. 

—  purple,  662. 

—  rouge,  17Z,  662. 
Minerals,  general  analysis  of, 

438,  etseq. 

—  special  analysis  of,  805. 
Minim,  721. 
Minium,  241. 
Mint,  499. 

Mirbane,  essence  of,  513. 
Mishmi  bitter,  637. 
Mispickel,  187. 
Mistura   ferri  aromatica, 
182. 

 composita,  163. 

Mitigated  caustic,  250. 
Mixed  ethers,  533. 
Mixture,       different  from 
chemical  combination, 

»3.  20     ,  1 

—  definition  of,  58. 
Mixtures,  703. 
Mohr's  burette,  74T. 
Moist  sugar,  559. 
Molasses,  561. 
Molecular  arscnium,  187. 

—  attraction,  153. 

—  composition,  460. 

—  constitution  or  structure, 

'44i  J53i  22I>  40o>  4°9i 
516. 

—  ferric  chloride,  166. 

—  theory,  xii. 


Molecular  formulae  as  in^ 
dicated  by  :— 
chemical'  'periodicity,"45o, 
—  properties,  461,  471. 
density  of  gases  and  va 

pours,  52,  54,  460,  732. 
electricity,  etc.,  737. 
isomorphism,  54. 
specific  heat,  735. 
substitution,  220. 
Molecular  phosphorus,  387. 

—  sulphur,  353. 

—  volume,  54. 

—  weight,  54,  734. 

—  weights,  166,  225. 

 definition  of,  60. 

Molecule,  definition  of,  58. 
Molecules,  32. 

—  conception  of,  465,  469. 
Molybdates,  391. 
Molybdenum,  391,  844. 

—  oxide,  391. 

—  sulphide,  391. 
Molybdic  anhydride,  391. 
Monads,  136. 
Monamines,  611. 
Mon-iodoethane,  480. 
Monobasic  acids,  306. 
Monobasylous  radicals,  306. 
Monobrom-acetanilide,  514. 
Monobrom-camphor,  502. 
Monobromethane,  480. 
Monobromobenzene,  513. 
Monochlorobenzene,  513. 
Monochloromethane,  476. 
Monochloromethylbenzene, 

Monoformin,  537. 
Monolrydroxyl  derivatives  of 

the  paraffins,  520. 
Mononitrocellulin,  571. 
Monoxynaphthalenes,  517. 
Morbid  urine,  684. 
Mordants,  156. 
Mori  succus,  661. 
Morphina-  acetas,  617,  839. 

—  hydroch/oras,  617. 
 impurities  in,  839. 

—  sulphas,  618. 
Morphine,  or  morphia,  616. 

—  acetate,  617. 

—  analytical    reactions  of, 
619. 

—  bimcconate,  618, 

—  distinction  from  brucine, 
631. 

—  hydrochlorate,  617. 

—  in   organic  mixtures,  de- 
tection of,  677. 

—  quantitative  estimation  of, 
819. 

—  sulphate,  618. 

—  tartrate,  618. 
Morrhuine,  552. 
Mortar,  419. 
Mosaic  gold,  281. 
flfosc/ms,  655. 

—  moschifcrus,  655. 


"  Mother-liquor,"  118. 
Motion  from  heat,  91. 
Mottled  soap,  549. 
Mountain-blue,  662. 

—  limestone,  129. 
Mucic  acid,  562. 
Mucilage  of  bael,  570. 

—  gum  acacia,  126. 

—  linseed,  570. 

—  marshmallow,  570. 

—  squill,  570. 

—  starch,  564. 

—  tragacanth,  127. 
Mucilago  acacia-,  126. 

—  amyli,  564. 

—  tragacatithce,  127. 
Mucuna  pruriens,  278. 
Mucus  in  urine,  694. 
Mudar  tree,  608. 
Mulberry-calculus,  702. 

—  essence,  485. 

—  juice,  661. 

—  sugar  in,  557. 
Mulder's  process  for  estima- 
ting alcohol,  827. 

Multiple  proportions,  law  of, 
second  law  of  combina- 
tion, 46,  225. 
Murex,  428. 
Murexid,  428. 
Muscarine,  612. 
Musk.  655. 

—  artificial,  655. 

 deer,  655. 

Mustard,  537. 

—  artificial  oil  of,  537. 

—  essential  oil  of,  500. 

—  fixed  oil  of,  553. 

—  "plaster,"  537. 
Mycodcrma  aceti,  348. 
Mydriatics  (table),  648. 
Mylabris  cichorii,  503. 
Myotics  (table),  648. 
Myrcia  acris,  526. 
Myristate  of  glyceryl.  S5«- 
Myristic-acid,  551,  584- 
Myristicene,  499. 
Myristicin,  499. 
Myristicol,  499. 
Myrislin,  550. 

Myronatc  of  potassium,  537. 
Myrosin,  537. 
Myroxylon  Pcrctrtr,  589. 

—  tolui/era,  590. 
Myrrh,  511. 
Myrrha,  511. 
Myrrhic  acid,  511. 
Myrtus  communis,  500. 
"  Mystery  gold,"  283. 
Mytiloxinc,  613. 


Napellinc,  633. 
Naphthalene,  517,  614. 
—  series    of  hydrocarbons, 
517. 

Naphthalic  acid,  397- 
Naphthols,  517. 
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Naphthyl  alcohols,  517. 
Narceine,  619. 
Narcotina,  619. 
Nareotine,  619. 
Narthex,  see  Fentla. 
Nascent  state,  34. 
Natal  aloes,  518. 
Nataloin,  518. 
Natrium,  25. 
Natron,  25,  332. 
Natural  philosophy,  38. 
Nectandra  Rodiivi,  636. 
Nectandrce  cortex,  636. 
Nectandrine,  637. 
Needle  iron  ore,  170. 
Negative  pole,  282. 
Neroli  oil,  496. 
Nessler  test,  745. 
Neuridine,  612. 
Neurine,  612. 
Neutral  chromate,  113. 

—  hydrocarbons,  466. 
Neutralization,  103. 
Nickel,  271. 

—  analytical    reactions  of, 

271. 

—  arsenio-sulphide,  271. 

—  cobalticyanide,  272. 

—  cyanide,  272. 

—  derivation  of  word,  26. 

—  hydrate,  271. 

—  separation  of,  from  cobalt, 

272. 

—  silver,  271. 

—  sulphide,  271. 
Nicker  nuts,  608. 
Nicotiana  tabacum,  644. 
Nicotine,  nicotia,  nicotina,  or 

nicotylia,  644. 

—  malate,  644. 
Nihilum  album,  150. 
Nim,  608. 
Niobium,  844. 

Nitrate  of  ammonium,  101, 
335- 

—  argent  -  ammon  -  ammo- 

nium, 237. 
—  barium,  112. 

—  bismuth,  291  • 

—  copper,  218. 

—  iron,  176. 

—  lead,  243. 

—  mercury,  237. 

—  pilocarpine,  645. 

—  potassium,  76,  331. 

—  silver,  248,  250. 

—  —  and  potassium,  250. 
 standard    solution  of, 

775- 

 toughened,  250. 

—  sodium,  86,  331. 

—  strontium,  262. 
Nitrates,  331. 

—  analytical  reactions  of,  336. 

—  quantitative  estimation  of, 

796,  el  sea. 
Nitre,  331. 

—  chili,  332. 


Nitre,  cubic,  332. 

—  prismatic,  331. 

—  sweet  spirit  of,  415,  480, 
523- 

Nitric  acid,  331,  334. 

 anhydrous,  335. 

 antidotes  to,  340 

 dil.,  335. 

 in     organic  mixtures, 

detection  of,  673. 
 volumetric  estimation 

of,  754- 

—  anhydride,  335,  338. 

—  oxide,  preparation  of,  336. 

—  peroxide,  336,  338. 
Nitrification,  332. 
Nitrite  bases,  514,  609,  615. 
Nitriles,  575. 
Nitrite  of  amyl,  415,  486. 

—  ethyl,  415,  480. 

—  potassium,  414. 

—  sodium,  415. 
Nitrites,  414. 

—  analytical  reactions,  414. 

—  in  water,  test  for,  414. 
Nitrobenzene,  513. 
Nitrobenzol,  513,  595. 

—  in  oil  of  bitter  almonds, 
test  for,  595. 

Nitrocellulin,  571. 
Nitroethane,  483. 

Nitrogen,  16,  336. 

—  derivation  of  word,  24. 

—  in  the  atmosphere,  16. 

—  oxides,  336,  338. 

—  peroxide,  336,  338. 

—  preparation  of,  16. 

—  properties  of,  17. 

—  quantitative  estimation  of, 
in  organic  compounds, 
812,  et  seq. 

—  relative  weight  of,  18. 
Nitroglycerine,  545. 
Nitrohydrochloric  acid,  211, 

336-  .... 

—  volumetric  estimation  of, 

754-  . 
Nitromannite,  554. 
Nitrometer,  415,  483. 
Nitropentane,  487. 
Nitrosulphonic  acid,  761. 
Nitrosyl-sulphuric  acid,  363. 
Nitrous  acid,  336,  338.  414.  , 

—  anhydride,  336,  338. 

—  ether,  480. 

—  oxide,  102,  338. 

Nomenclature  of  salts :- 

—  alkaloids,  615. 

—  anhydrides,  90. 

—  anhydrous  bodies,  90. 

—  -ate,  75,  79. 

—  carbonization,  evaporation 
ignition,  incineration 
110. 

—  double  salts,  83. 

—  glucosides,  595. 

—  hydrates,  67. 

—  hydrous  bodies,  go. 


Nomenclature  of  salts :— 

—  hydric,  -ous,  79. 

—  -ide,  -ite,  79. 

—  iron  salts,  159. 

—  mercury  compounds,  223. 

—  notes  on,  67,  75,  79,  83,  90, 
no,  159,  223,  615. 

Nonane,  474. 
Non-drying  oils,  552. 
Non-metallic  elements,  4. 
Non-metals,  4. 
Nonylic  acid,  584. 
Nordhausen  sulphuric  acid, 
3°4- 

Normal  hydrocarbons,  466. 

—  solutions,  740. 
Notation,  36. 

—  of  organic  compounds,  462, 

472-    ,    .  , 
Notes,  analytical,  255,  299. 
Nutmeg,  expressed   oil  of, 

.55°- 

—  oil  of,  499. 

Nutrition,  plastic  elements  of, 

654-  . 
Nux  vomica,  629. 
 assay  of,  822. 


Oatmeal,  563. 
Occlusion,  287,  288. 
Ochre,  660. 
Octahedron,  193. 
Octylic  acid,  584. 
Oinanthylate  of  ethyl,  485. 
Qinanthylic  acid,  584. 
Official  formula,  20. 

—  liquids,  specific  gravity  of, 

72S-  ,  * 

—  substances,  volumetric  es- 
timation of,  740,  et  seq. 

Oil  of  ajowan,  495. 

—  ajwain,  495. 

—  almond,  552. 
amber,  42  c 

American  pennyroyal,  498. 
aniseed,  495. 
apple,  485. 
arachis,  553. 

—  benne,  553. 

—  bergamot,  496. 
birch,  485. 

bitter-almond,  586,  595. 
—  artificial,  513,  595. 

—  "boiled,"  552. 

—  boldo,  496. 

—  buchu,  496. 

—  cacao,  550. 

—  -cake,  552. 

—  cajuput,  497. 

—  camphor,  502. 

—  Cannabis  indica,  505. 

—  capsicum,  505. 

—  caraway,  497. 

—  cardamoms,  496. 

—  cascarilla,  497. 

—  cassia,  497. 

—  castor,  552. 
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Oil  of  cedra,  496. 

—  chamomile,  495. 

—  cinnamon,  497. 

—  citron,  496. 

—  citronella,  497. 

—  cloves,  497. 

—  cocoa-nut,  551. 

—  cod-liver,  552. 

—  copaiva,  497. 

—  coriander,  497. 

—  cowbane,  497. 

—  croton,  552. 

—  cubeb,  497. 

—  cummin,  497. 

—  dill,  495. 

—  earth-nut,  553. 

—  of  eggs,  650. 

—  elder-flower,  500. 

—  eucalyptus,  492,  498. 

—  fennel,  498. 

—  fir  wool,  493. 

—  garcinia,  551. 

—  garlic,  538. 

—  geranium,  498. 

—  gingelly,  553. 

—  ginger,  501. 

—  ginger-grass,  498. 

—  grains-ofparadise,  498. 

—  grass,  497. 

—  ground-nut,  553. 

—  hop,  509. 

—  horseradish,  496. 

—  Indian  hemp,  505. 

—  jaborandi,  645. 

—  juniper,  498. 

—  lard,  550. 

—  lavender,  498. 
 foreign,  498. 

—  lemon,  496. 

—  lemon-grass,  501.  • 

—  lime,  496. 

—  linseed,  551. 

—  lycopodium,  552. 

—  mace,  fixed,  550. 
 volatile,  499. 

—  male-fern,  552. 

—  mangosteen,  551. 

—  meadow-sweet,   485,  588, 

604. 

—  melissa,  501. 

—  mustard,  artificial,  537. 

 essential,  500,  537. 

  fixed,  553. 

—  myrtle,  500. 

—  neroli,  496. 

—  nutmeg,  fixed,  550. 

—  —  volatile,  499. 

—  of  vitriol,  362. 

—  olibanum,  511. 

—  olive,  546,  552. 

—  omum,  495. 

—  orange-Mower,  496. 

—  orange-riud,  496. 

—  orris,  498. 

—  palm,  550. 

—  paraffin,  475. 

—  pennyroyal,  499. 

—  pepper,  645. 


Oil  of  peppermint,  499. 

—  petit-grain,  496. 

—  phellandrium,  492. 

—  phosphorated,  386. 

—  pilocarpus,  645. 

—  pimento,  497. 

—  pine  wool,  493. 

—  ptychotis,  495. 

—  resin.  505. 

—  rose,  499. 

—  rosemary,  499. 

—  rue,  500,  594. 

—  saffron,  660. 

—  sage,  500. 

—  sandal-wood,  500. 

—  sassafras,  500. 

—  savin,  500. 

—  sesame,  553. 

—  shark-liver,  553. 

—  spearmint,  499. 

—  sperm,  536. 

—  spike,  498. 

—  star-anise,  495. 

—  sweet-birch,  485. 

—  sweet-flag,  500. 

—  teal,  553. 

—  theobroma,  550. 

—  thyme,  500. 

—  turmeric,  501. 

—  turpentine,  492. 

—  valerian,  501. 

—  verbena,  501. 

—  water-hemlock,  497. 

—  wine,  488. 

—  winter-green,  485. 

—  wood,  508. 

—  worm-seed,  498. 
Oils,  analysis,  830. 

—  and  fats,  composition  of, 

546. 

—  drying,  551. 

—  essential,  493. 

 tested  for  alcohol,  494. 

—  fixed,  551. 

—  non-drying,  552. 

—  volatile,  493,  et  scq. 

 process  for,  494. 

Ointments,  703. 
Okra,  571. 

Ol,  meaning  of,  544. 
Oleate  of  glyceryl,  546. 

—  lead,  244. 

—  mercury,  548. 

—  potassium,  546. 

—  veratrine,  548. 

—  zinc,  548. 
Oleates,  546. 

Oleatunt  hydrargyria  548. 

—  vcratrintF ,  548. 

—  siuci,  548. 
Olefiant  gas,  487. 

Olefine  series  of  hydrocar- 
bons, 4S7. 

Olefincs,  relation  to  paraffins 
and  acetylenes,  489. 

Oleic  acid,  546,  585. 

Oleine,  546. 

Oleo-resins,  504,  508. 


01eo-nr«'«a  cubeba,  509. 
Oleum  amygdala-,  552. 

—  andropogi  citrati,  501. 

—  anethi,  495.  .  • 

—  anisi,  495. 

— -  anthe?nidis,  495. 

—  arachis,  553. 

—  cadinum,  509. 

—  cajuputi,  497. 

—  carui,  497. 

—  caryophylli,  497. 

—  cinnamomi,  497. 

—  copaiba,  497. 

—  coriandri,  497. 

—  crotonis,  552. 

—  cubeba,  497. 
— ■  eucalypti,  498. 
— junipcri,  498. 

—  lavandula,  498. 

—  limonis,  496. 

—  lini,  551. 

—  vtacis,  499. 

—  mtnthir  piperita,  499. 
 viridis,  499. 

—  morrhua,  552. 

—  myristica,  499. 
 expressutn,  550. 

—  viyrti,  499. 

—  oliva,  546,  552. 

—  phosphoratum ,  386. 

—  pimenta,  497. 

—  pint  sylvestris,  493. 

—  ricini,  552. 

—  rosmarini,  499. 

—  ruta,  500,  594. 

—  sabinte,  500. 

—  santali,  500. 

—  sinapis,  500. 

—  succini,  421. 

—  terebinthina ,  492. 

—  theobromatis,  550. 
Olibanum,  511. 
Olive-oil,  546,  552. 
Omentum,  550. 
Omum  oil,  495. 
Opal,  418. 

Ophelia  chirata,  415.  • 
Ophelic  acid,  415. 
Opianic  acid,  619. 
Opianine,  619. 
Opium,  616. 

—  alkaloids,  616. 

—  detection    of,  in  organic 

mixtures,  677. 

—  estimation  of  morphine  in, 

.8l»-..    ■  „ 

—  impurities  m,  839. 

Orange-chrome,  246. 

—  -flower  oil,  496. 

 water,  496. 

 rind  oil,  496. 

—  wine,  526. 
Orchil,  662. 
Orchis  tuber,  570. 
Orcin,  543. 
Ordeal-poison,  644. 
Orellin,  66t. 
Organic  analysis,  665. 
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Organic  bases,  609. 

—  chemistry,  455. 

 advice  to  students,  452. 

—  compounds,  composition 

of,  456. 

—  constitution  of,  461. 
 notation  of,  462,  472. 

—  radicals,  467. 
Orpiment,  187,  660. 
Orris,  butter  of,  498. 

—  camphor  of,  498. 

—  oil  of,  498. 

Ortho-,  meaning  of,  etc.,  413, 
542- 

Orthodihydroxyl  benzene, 
542- 

Orthohydroxybenzoic  alde- 
hyde, 588. 

Orthophenolsulphonic  acid, 
541. 

Orthophosphates,  302,  413. 
Orthophosphoric  acid,  413. 
Orthovanadates,  392. 
Oryza,  564. 

—  sativa,  563,  564. 

 starch  of  (fig.),  565. 

Oryzie farina,  564. 

Os  us  turn,  121. 
Osmium,  844. 
Otto  of  rose,  499. 
Ouabain,  603. 
Ounce,  721. 
Ourari,  631. 

-ous,  meaning  of;  80,  160. 
Ovi  albumen,  649. 

—  vitellus,  650. 
Ox-bile,  658. 

—  -gall,  658. 

Oxalate  of  ammonium,  103. 

—  barium,  114,  373. 

—  calcium,  128,  372. 

—  cerium,  264. 

—  silver,  373. 

—  sodium,  372. 

—  strontium,  263. 
Oxalates,  371. 

—  analytical     reactions  of, 

372. 

—  from  phosphates  and  ferric 

oxide,  separation  of, 
444. 

—  quantitative  estimation  of, 

802. 

Oxalic  acid,  371,  489,  591. 

 antidotes  to,  373. 

 chemically  pure,  372. 

— ■  —  in    organic  mixtures, 

detection  of,  674. 
 standard    solution  of, 

742. 
Oxamide,  591. 
Oxide  of  aluminium,  156. 

—  antimony,  204. 

—  barium,  112. 

—  bismuth,  292. 

—  cadmium,  289. 

—  calcium,  116. 

—  chromium,  274. 


Oxide  of  cobalt,  269,  662. 

—  copper,  217. 

—  iron,  170,  171. 

 black,  158. 

 magnetic,  158. 

—  lead,  241. 

—  magnesium,  133. 

—  manganese,  264. 

—  of  mercury.  232. 

—  molybdenum,  391. 

—  silicon,  418. 

—  silver,  251. 

—  tin,  279. 

—  zinc,  150. 

Oxides  of  nitrogen,  338. 

—  identified,  447. 
Oxidizing  flame,  150. 
Oxyacanthine,  637. 
Oxyacetate  of  copper,  218. 

—  lead,  242. 
Oxyacid  salts,  334. 
Oxyacids  of  sulphur,  409. 
Oxycarbonate    of  bismuth, 

292. 

Oxychloride    of  antimony, 

203,  208. 
Oxychromate  of  lead,  246. 
Oxydizing  flame,  150. 
Oxygen,  4. 

—  analogies,  199. 

—  derivation  of  word,  24. 

—  from  ozone  and  antozone, 

.  3^9-  . 

—  in  the  air,  4,  16. 

—  its  relation  to  animal  and 

vegetable  life,  9. 

—  preparation  of,  4,  112. 

—  properties  of,  8. 

—  quantitative  estimation, 

of,  in  organic  com- 
pounds, 807,  et  seg. 

—  solubility  in  water,  8. 

—  specific  gravity  of,  15. 

—  weight  of  100  cubic  inches, 

733- 

Oxygenated  water,  112. 
Oxyhydrates  of  iron,  170. 
Oxyiodide  of  iron,  165. 
Oxymalonic  acid,  593. 
Oxymel,  560. 

—  of  squill,  560. 
Oxymel  scillce,  560. 
Oxynitrates  of  bismuth,  291. 

—  mercury,  228. 
OxysaltSj  334. 
Oxysuccinic  acid,  593. 
Oxysulphate  of  iron,  161. 

—  mercury,  229. 
Oxysulphide    of  antimony, 

205. 

—  mercury,  237. 
Ozokerite,  536. 
Ozone,  319. 


Palas  tree,  425. 
Palladium,  845. 
I  —  chloride,  682. 


Palm-oil,  550. 
Palmitate  of  cetyl,  536. 

—  glyceryl,  550. 

—  melissyl,  536. 
Palmitic  acid,  550,  551,  584- 
Palmitine,  550. 
Pancreatin,  657. 

Papain,  657. 
Palaver  rlueas,  65 1. 

—  somniferum,  616. 
Papaverine,  619. 
Papaveris  capsule,  616. 
Papaw,  657. 

Paper,  bibulous,  118. 

—  filtering,  118. 

—  litmus,  blue,  103. 
 red,  103. 

—  turmeric,  103. 
Papers,  test-,  103. 

Para-,  meaning  of,  etc.,  376, 

542-  , 

Para-acetphenetidin,  514. 
Paracotoin,  598. 
Paracyanogen,  325,  327. 
Paradol,  498. 
Paraffin,  475. 

—  of,  475-  ,    ,    j  , 

 series    of  hydrocarbons, 

469,  471. 

—  wax,  475. 
Paraffinic  acid,  476. 
Paraffins,  gaseous,  471. 

—  hard,  475.       '       .  . 

—  monohydroxyl  derivatives 

of-  52°-         ,  a  A 

—  relations  to  olefines  and 

acetylenes,  489. 

—  soft,  475- 

—  solid,  475. 
Paraffitmm  durum,  475. 

—  liquidum,  475. 

—  molle,  475. 
Paraguay  tea,  647. 
Parahydroxybenzoic  alde- 
hyde, 588. 

Paraldehyde,  578. 
Paraldelydum,  578. 

—  impurities  in,  839. 
Parallin,  605. 
Parapeptone,  657. 

Para  -  phenetol  -  carbamide, 

Paratartaric  acid,  376. 
Pareirie  radix,  636. 
Paricine,  636. 
Parietinic  acid,  399. 
Parigenin,  605. 
Parilla,  637. 
Paris  blue,  663. 

—  red,  661. 

Particles,  elementary,  30. 
Patent  sugar,  558. 
Pear  wine,  526. 
Pearl  barley,  563. 

—  -sago  starch  (fig.),  5°5- 

 white,  292. 

Pearlash,  63. 

Peas,  54. 
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Pectin,  570. 

Pelargonate  of  ethyl,  485. 
Pelargonic  acid,  584. 
Pelargonium,  498. 
Pelletierine,  425. 
Pellitory-root,  507. 
Pelosine,  636. 

Pennyroyal,    American  oil, 
498. 

—  oil,  499. 

Pennywort,  Indian,  £08. 
Pentachloride  of  antimony, 

204. 
Pentads,  137. 
Pentane,  474. 
Pentathionic  acid,  409. 
Penthydric  alcohols,  553. 
Pentylic  acid,  584. 

—  alcohol,  534. 
Pepper,  black,  645. 

—  cayenne,  638. 

—  cubeb,  645. 

—  long,  645. 

—  meleguela,  498. 

—  oil  of,  645. 

—  resin  of,  645. 

—  white,  645. 
Peppermint  oil,  499. 
Pepo,  608. 
Pepsin,  656. 

—  vegetable,  658; 
Peptone,  656,  657. 
Peptones  in  urine,  686. 
Per-,  meaning  of,  166. 
Perbromates,  314. 
Percha  tree,  501. 
Perchlorate  of  potassium,  344. 
Perchloric  acid,  344. 
Perchloride  of  gold,  284. 

—  iron,  165. 

—  mercury,  229. 

—  platinum,  286. 

—  tin,  279. 
Perfumes,  495. 
Perhydrate  of  iron,  169. 
Periodic  law,  450. 
Periodide  of  ammonium,  316 

—  mercury,  316. 

—  potassium,  316. 
Permanganate  of  potassium, 

81,  265. 

 its  use    in  volumetric 

analysis,  768. 
Pernitrate  of  iron,  176. 
Peroxide  of  barium,  112. 

—  hydrogen,  112,  417. 

—  iron,  170. 
 hydrated,  171. 

—  lead,  243. 

—  nitrogen,  336,  338. 
Perry,  526. 
Persian  berries,  660. 
Personne's  solution,  759. 
Persulphate  of  iron,  168. 

—  mercury,  228. 
Persulphide  of  hydrogen,  355. 
Peru,  balsam  of,  504,  589. 
Peruvine,  589. 


Petalite,  260. 
Petit  grain  oil,  496. 
Petrolatum,  475. 
Petroleine,  475. 
Petroleum  benzin,  475. 

—  ether,  475. 

—  gas,  473. 

—  light,  475. 

—  soft,  475. 

—  spirit,  475,  513. 

—  -testing,  493. 
Pettenkofer's  test  for  presence 

of  bile,  658. 
Peumus  boldiis,  496. 
Pewter,  203,  240,  278. 
Pheeoretine,  399. 
Pharoah's  serpents,  422. 
Pharbitis  nil,  603. 
Pharbitisin,  603. 
Pharmaceutical  So- 
ciety of  Great  Britain, 
examinations  of,  2. 
Pharmacy,  3. 
Pharmacognosy,  3. 
Pharmacology,  3. 
Phellandrene,  492,  498. 
Phenacetin,  514. 
Phenacetinum,   514,  (table) 
649.  _ 

—  impurities  in,  839. 
Phenazonum,    514,  (table) 

649. 

—  impurities  in,  839. 
Phenic  acid,  539. 

—  alcohol,  539. 
Phenocoll,  514. 
Phenoene,  513. 
Phenol,  539. 

—  carbamine,  649  (table). 

—  constitution  of,  541. 

—  isonitrile,  649  (table). 

—  salicylic,  587. 
Phenolmercury,  541. 
Phenolphthalein,    517,  592, 

755- 
Phenols,  539. 

Phenolsulphonic    acid,  530, 
54i- 

Phenylacetamide,  514. 
Phenylamine,  514,  613. 
Phenylates,  541. 
Phenylcarbinol,  543. 
Phenyl-dimethyl-pyrazolon, 
514. 

Phenyl  group,  515. 
Phenylmethyl  ketone,  594. 
Phosphate  of  ammonium, 
102. 

—  barium,  114,  392. 

—  calcium,  114,  121,  385. 

—  iron,  163,  176,  390. 

—  magnesium     and  ammo- 
nium, 134,  391. 

 from    oxalates  and 

ferric  oxide,  separation 
of, 

 in  bones,  122,  385. 

—  silver,  252. 


Phosphate  of  sodium,  93. 

 how    prepared  from 

phosphate   of  calcium, 
123. 

Phosphates,  385. 

—  analytical  reactions  of,  390. 

—  quantitative  estimation  of, 
803. 

Phosphines,  592. 
Phosphites,  417. 

—  test  for,  407. 
Phosphoantimonic  acid,  682. 
Phosphomolybdic  acid,  391, 

682. 

Phosphorated  oil,  386. 
Phosphoretted  hydrogen,  406. 
Phosphoric  acid,  16,  385,  416. 

 diluted,  387. 

 glacial,  389. 

 quantitative  estimation 

of  free,  804. 

—  anhydride,  16,  387. 
Phosphorous  acid,  415,  416. 
Phosphorus,  15,  385. 

—  acids  of,  416. 

—  bromide  of,  388. 

—  combustion  of,  15. 

—  derivation  of  word,  24. 

—  detection   of,   in  organic 
mixtures,  675. 

—  granuated,  386. 

—  molecular,  weight  of,  387. 

—  pill,  386. 

—  properties  of,  15,  386. 

—  red  or  amorphous,  386. 

—  trihydride,  406. 
Phosphotungstic  acid,  682. 
Phthaleins.  517. 
Phthalic  acid,  397,  517,  591. 

—  anhydride,  592. 

—  series  of  acids,  591 . 
Phyllocyanin,  663. 
Phylloxanthin,  663. 
Physical  isomerides,  574. 
Physics,  38. 

Physosiigmatis /aba,  644. 
Physostigmia,  644. 
Physostigminc,  644. 
Phytolacca  bacca  et  radix, 
609. 

Phytolaccin,  609. 
Picoline,  613. 
Picric  acid,  541,  660. 
Picrotin,  603. 

Picrotoxin,  603,  649  (table). 
Picrotoxinum,  603. 

—  impurities  in,  839. 
Pigments,  650. 
Pi^mentum  nigrum,  663. 
Piils,  703. 
Pilocarpidinc,  645. 
Pilocarpine  nitras,  645. 
Pilocarpine,  645. 
Pilocarpus penna tifolius,  64 5. 
Pilula  aloes  etferri,  161. 
— Jerri  carbonatis,  162. 
 iodidi,  23. 

I  —  hydrargyri ,  222. 
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Pilula  hydrargyri  subchlor- 
idi  composita,  232. 

—  phosphori,  386. 

—  plumbi  cum  opto,  242. 
Pimaric  acid,  505. 
Pimento  oil,  497. 
Phnpinetla  anisum,  495. 
Pine-apple,  essence  of,  485. 

—  wool,  493. 
Pinene,  492. 
Pinic  acid,  504. 
Pink  saucers,  662. 

—  the  common,  605. 
Pins,  278. 

Pint,  721. 
Pintts,  492,  504. 

—  larix,  425,  492. 
Pipe-clay,  155. 
Piperazine,  611. 
Piper  nigrum,  645. 
Piperia,  645. 
Piperic  acid,  646. 
Piperidia,  646. 
Piperidine,  646. 
Piperine,  645. 
Pipette,  315. 

Pistachio,  terebinthus,  492. 
Pitch,  509. 

—  Burgundy,  507. 
Pituri,  644. 

Pix  burgundica,  507. 

—  liquida,  491,  509. 

Ptantago  ispaghula,  571. 

Plants  and  animals,  comple- 
mentary action  of,  on  air, 
9- 

Plaster  of  ammoniacum  and 
mercury,  222. 

—  mercury,  222. 

—  Paris,  114. 
Plasters,  244,  505. 

Plastic  elements  of  nutrition, 
654. 

—  sulphur,  353. 
Platinic  chloride,  286. 

—  salts,  286. 

—  sulphide,  286. 
Platinous  chloride,  286. 

—  salts,  286. 
Platinum,  285. 

—  analytical  reactions  of,  286. 

—  and  ammonium,  chloride 

of,  107,  287. 

—  and  lithium,  chloride  of, 

261. 

—  and  potassium,  chloride  of, 

82,  287. 

—  and  sodium,  chloride  of, 

287. 

—  black,  287. 

—  derivation  of  word,  27. 

—  foil,  285. 

—  perchloride,  286. 

—  residues,  to  recover,  288. 

—  spongy,  287. 
Pleurisy  root,  608. 
Plumbago,  22. 
Plumbi  acetas,  242. 


Plumbi  acetas,  impurities  in, 
839- 

—  carbonas,  241. 
 impurities  in,  839. 

—  emplastrum,  244. 

—  iodidum,  244. 

—  nilras,  243. 

—  oxidum,  241. 

—  impurities  in,  839. 

—  subacetatis,  liquor,  242. 
Plumbic,   acetate,  sulphate, 

etc.,  vide  Salts  of  lead. 

—  peroxide,  243. 
Plumbum,  26. 

"  Plummer's  pill,"  232. 
Pocula  emctica,  203. 
Podophyllin,  507. 
Podo/>hylli  rhizoma,  507. 

—  resina,  507. 
Podophyllotoxin,  507. 
Podophyllum  resin,  507. 
Poisonous  alkaloids,  676. 
Poisons  of  cheese,  milk,  fish, 

etc.,  613,  682. 
Poisons,  antidotes    to,  see 
Antidotes. 

—  detection    of,   in  organic 

mixtures,  670,  e t  seq. 
Pokeberry  and  root,  608. 
Polybasic  acids,  306. 
Polybasylous  radicals,  306. 
Polychroite  660. 
Polygala  senega,  606. 
Polygalic  acid,  606. 
Polyhydroxyl  derivatives  of 

the  hydrocarbons,  553. 
Polymerides,  572. 
Polymerism,  572. 
Polymers,  572. 
Polymorphism,  574. 
Polymorphous  bodies,  574. 
Polysulphide  of  calcium,  355. 
Pomegranate-rind,  425. 

 root  bark,  425. 

Poppy  capsules,  616. 
Porcelain,  419. 
Porridge,  563. 
Port  wine,  526. 
Porter,  526. 
Portland  cement,  419. 
Positive  pole.,  282. 
Potash,  acetate,  71. 

—  alum,  154. 

—  bicarbonate,  73. 

—  bichromate,  273. 

—  bitartrate,  83. 

—  carbonate,  63. 

!  —  caustic,  64, 69. 

 to  prepare  pure,  69. 

 solution  of,  64. 

i  —  chlorate,  342. 
!  —  citrate,  76. 

—  effervescing  solution  of,  75. 

—  iodate,  solution  of,  346. 

—  nitrate,  76,  331. 

—  permanganate,  81,  265. 

—  prussiate,  red,  403. 

I  yellow,  325,  402. 


Potash,  sulphate,  76. 

—  sulphurated,  70. 

—  tartrate,  76. 

 acid,  83. 

 and  soda,  92. 

—  volumetric    estimation  ot 

solutions  of,  747. 

 water,  75. 

Potashes,  63. 
Potassa  caustica,  70. 
 impurities  in,  839. 

—  sulphurata,  70. 

 impurities  in,  839. 

Potassa?  effervesccns,  liquor, 

.75- 

—  liquor,  64,  69. 

 to  prepare  pure,  69. 

—  sulphurata-,  unguentum, 

70. 

Potassic  hydrate,  carbonate, 
etc.,  vide  salts  of  Potas- 
sium. 

Potassii  acetas,  71. 

 impurities  in,  839. 

—  bicarbonas,  73. 
 impurities  in,  839. 

—  bichromas,  273. 

—  bromidum,  80. 
 ■  impurities  in,  840. 

—  carbonas.  63. 

 impurities  in,  840. 

—  chloras,  342. 

 impurities  in,  840. 

—  citras,  76. 

 impurities  in,  840. 

—  cyanidum,  324. 
 impurities  in,  840. 

—  et  sodii  tartras,  92. 

— ferricyanidum,  impurities 

in,  840. 
— ferrocyanidum,  325,  402. 

—  iodidum,  77. 

 impurities  in,  840. 

—  nitras,  76,  331. 

—  —  impurities  in,  840. 

—  permanganas,  81,  265. 
 impurities  in,  840. 

—  sulphas,  76,  335. 
 impurities  in,  840. 

—  tartras,  76,  377. 

 impurities  in,  840. 

 acida,  63,  83,  375. 

 impurities  in,  840. 

Potassio-citrate  of  iron,  172. 

—  tartrate  of  antimony,  205. 

 iron,  172. 

Potassium,  63. 

—  acetate,  71. 

—  acid  carbonate,  vide  Bicar- 

bonate. 

—  alizarate,  518. 

—  analytical  reactions  of,  81. 

—  and  platinum,  chloride,  82, 

287. 

—  and  sodium  tartrate,  92, 

377- 

—  angelate,  495. 

—  anhydrochromate,  273. 
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Potassium,  bicarbonate, 
73- 

—  bichromate,  273. 

—  borotartrate,  394. 

—  brornate,  80. 

—  bromide,  80,  313. 

—  carbonate,  63. 

—  chlorate,  5,  342. 

—  chloride,  82. 

—  chromate,  113. 

—  citrate,  76.  _ 

—  cobalticyanide,  270. 

—  cyanate,  400. 

—  cyanide,  324. 

—  derivation  of  word,  25. 

—  ferrate,  159. 

—  ferricyanide,  403. 

—  ferrocyanide,  325,  402. 
 flame,  84,  no. 

—  hydrate,  64. 

 _  to  prepare  pure  solution 

69. 

—  iodate,  77,  346. 

—  iodide,  77,  317. 

—  manganate,  80,  265. 

—  myronate,  538. 

—  nitrate,  76,  331. 

—  nitrite,  414. 

—  oleate,  546. 

—  perchlorate,  344. 

—  periodide,  316. 

—  permanganate,  81,  265. 

—  preparation  of,  64. 

—  properties  of,  64. 

' —  quantitative  estimation  of, 
771. 

—  quantivalence  of,  64. 

—  red  chromate  of,  273. 

—  red  prussiate  of,  403. 

—  salts,  _    analogy    of,  to 

sodium  salts,  95. 

—  sodium  and  ammonium, 

separation  of,  109. 

—  sources,  63. 

—  succinate,  421. 

—  sulphate,  76,  335. 

—  sulphide,  70. 

—  sulphocyanate,  421. 

—  tartrate,  76,  376. 
 acid,  63,  77,  83,  375. 

—  tri-iodide,  316. 

—  yellow  chromate  of,  113, 

273-  . 

 prussiate  of,  324,  402. 

Potato,  563,  565- 

 oil,  535. 

 starch  (fig.),  565. 

Poultices,  703. 
Pound,  721. 
Powder,  bleaching,  124. 
Powders,  703. 

—  soda-,  94.  . 

—  specific  gravity  of,  729. 
Practical  analysis,  108. 
Precipitant,  82. 
Precipitate,  82. 
Precipitated     carbonate  ol 

lime,  118. 


Precipitated  chalk,  118. 

—  sulphur,  354.  _ 
Precipitates  soluble  m  solu- 
tions of  salts,  255. 

—  to  wash,  118. 

—  to  weigh,  779. 
Precipitation,  82. 

—  fractional,  448. 
Preparations  of  the  British 

Pharmacopoeia,  chemi- 
cal, 704. 

Preparations  of  the  British 
Pharmacopoeia,  galeni- 
cal, 703. 

Prepared  calamine,  149. 

—  carbonate  of  calcium,  121. 

—  chalk,  121. 

—  lard,  550. 

—  suet,  550.  _ 
Pressure,  correction  of  vol.  ot 

gas  for,  731. 

 gauges,  709. 

Prickly  ash,  637. 

Primary  alcohols,  520. 

Principles,  29,  etseq.  {See 
also,  "Analogy,"  "Ato- 
mic," "Chemical  Action, 
Affinity  and  Combina- 
tion," "Classification," 
"Constitution,"  "For- 
mulae," "  Fractional," 
"Homology,"  "Inde- 
structibility," "  Laws," 
"  Molecular,"  "  Nota- 
tion," "  Nomenclature," 
"  Solution,"  "  Substitu- 
tion," "  Structure," 
"Valency,"  etc. 

Printer's  ink,  664. 

Prismatic  nitre,  331. 

Proof  spirit,  527. 

Propane,  473. 

Propanetricarboxyhc  acid,  592. 
Propargyl  alcohol,  491  • 
Propenyl,  544. 

—  alcohol,  544. 

—  hydrate,  544. 
Propepsin,  656. 
Propeptone,  657,  688. 
Prophetin,  600. 
Propione,  594. 
Propionic  acid,  582. 
Proportions,  atomic,  49 

225. 

—  constant,  44. 

—  multiple,  46,  225. 

—  reciprocal,  48. 
Propylamine,  611 . 
Propylene,  487. 
Propylformic  acid,  582. 
Propylic  acid,  582. 

—  alcohol,  544- 
Propylmethylbenzenc,  515. 
Proteid  principles,  649. 
Protocatechuic aldehyde,  4 
Protococcus vulgaris,  553. 
Protopine,  619,  64^6. 
Proximate  analysis,  807. 


Prune,  559. 
Prunum,  559. 
Prunus  serotina,  596. 
Prussian  blue,  181,  403. 
Prussiate  of  potash,  red,  403. 

—  yellow,  324,  402. 
Prussic  acid,  324. 
Pseudaconitine,  633. 
Pseudojervine,  643. 
Pseudomorphine,  619. 
Pseudoxanthine,  612. 
Pterocarpi  lignum,  664. 
Pterocarpin,  664. 
Pterocarpus  marsupiitm,  425. 

santalinus,  500,  664. 
Ptomaines,  612,  682. 
Ptyalin,  699. 
Ptychotis  ajowan,  495. 
Puce-coloured  oxide  of  lead, 
243- 

Puddling  iron,  158. 
Pulezone,  499. 
Pulvis  algarotlii,  204. 

—  angelicus,  204. 

—  antimonialis,  208. 

—  effervescenscompositus,  94, 

378- 

ipecacuanlue  compositus, 
641. 

—  soda  tartaratie  efferves- 

cens,  378. 
Purified  ox-bile,  658. 
Purple  of  Cassius,  285. 

—  foxglove,  active  principle 

in,  598. 
Purple  pigment,  428. 
Purpurin,  692. 
Purrate  of  magnesium,  660. 
Purree,  660. 
Pus  in  urine,  698. 
Pusch's  test  for  citric  and 

tartaric  acid,  384. 
Putrescine,  612. 
Putty-powder,  280. 
Pyrethri  radix,  507. 
Pyrethric  acid,  507. 
Pyrethrin,  507,  646. 
PyrethrutH  cameum,  507. 
Pyridine,  613. 

—  derivatives,  613,  640,  645. 
Pyrites,  copper,  216. 

—  iron,  158. 

Pyroarseniate  of  sodium,  19a 
Pyroarseniates,  190. 
Pyroboratc  of  sodium,  393. 
Pyrocatechin,  542. 
Pyrochromate  of  potassium 
273. 

Pyrogallic  acid,  426,  553,  5=9 

—  acid,  use  of,  in  gas  analy 

sis,  4*7- 
Pyrogallol,  426,  553.  5»9- 
Pyroligneous  acid,  347. 
Pyrolusite,  264. 
Pyromellitic  acid,  592. 
Pyrometers,  714. 
Pyromorphite,  392. 
Pyrophorus,  178. 
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Pyrophosphates,  417. 
Pyrophosphoric  acid,  389,  417. 
Pyrosulphuric  acid,  364. 
Pyrotartaric  acid,  593. 
Pyrovanadates,  392. 
Pyroxylic  spirit,  521. 
Pyroxylin,  571. 
Pyrrol,  613. 
Pyrus  Cydonia,  570. 


Quinlan's  test  for  presence  of 

bile,  659. 
Quinoidine,  628. 
Quinoline,  613. 
Quinone,  597,  622. 
Quinquivalence,  56. 
—  of  atoms,  definition  of,  60. 


Quadrivalence,  56. 
Qualitative  analysis,  138,  438, 
665-       .  .  . 

Quantitative  analysis, 

706,  et  seq. 

—  determination  of  atmosphe- 

ric pressure,  708. 

 of  temperature,  709. 

 of  weight,  715. 

Quantivalence,  36,  136- 

—  of  acidulous  radicals,  68, 

137,  306. 

—  of  atoms,  definition  of,  60. 

—  variation  in,  155. 
Quartz,  418. 
Quassia  lignum,  603. 
Quassin,  603. 
Quebrachine,  634. 
Quebracho  bark,  634. 
Queen's  root,  647. 
Quercite,  660. 
Quercitrin,  660. 
Quercitron,  660. 
Quercus  cortex,  424. 

—  tinctoria,  660. 
Quevenne's  iron,  178. 
Quicklime,  116. 
Quillaja,  606. 

—  Saponaria,  606. 
Quillaic  acid,  606. 
Quinamine,  628. 
Quinate  of  quinine,  622. 
Quince  seeds,  570,  596. 
Quinia,  see  Quinine,  622. 
Quinic  acid,  622. 
Quinicine,  628. 
Quinidine,  626. 
Quinina  hydrochloras,  624. 

—  sulphas,  623. 

 impurities  in,  840. 

Quinine,  622. 

—  amorphous,  628. 

—  analytical  reactions  of,  624. 

—  citrate,  624. 
 of  iron  and,  174,  624. 

—  disulphate,  623. 

—  hydrochlorate,  624. 

—  iodo-sulphate,  625. 

—  kinate,  622. 

—  quantitative  estimation  of, 

814.  r 

—  quinate,  622. 

—  sulphate,    tests    for  the 

purity  of,  840. 

—  sulphates,  623. 

—  wine,  624. 
Quiniretin,  628. 


Racemic  acid,  376. 
Badicals,    acidulous,  68, 
136. 

 formulae  of,  68. 

—  basylous,  61,  136. 

—  definition  of,  69. 

—  organic,  467. 
Rai,  538- 
Raisins,  374,  SS6- 
Raoult's  experiments,  737. 
Raspberry,  sugar  in,  557. 
Ratafia,  526. 
Rational  formula,  464. 
Rattan  palm,  506. 
Ratti,  601. 

Reactions,  analytical,  64. 

—  synthetical,  64. 
Reagents,  list  of,  xx. 
Real  alcohol,  527. 
Realgar,  187. 

Reaumur's  thermometer,  711. 
Reciprocal  proportions,  law 

of,  48. 
Rectification,  143. 
Rectified  oil   of  turpentine, 
492. 

—  spirit,  143,  527. 
Red,  Chinese,  661. 

—  chromate  of  potassium,  273. 

—  chrome,  661. 

—  colouring-matters,  661. 

—  corpuscles  in  blood,  651. 

—  earth,  661. 

—  enamel  colours,  662. 

—  gravel,  692. 

—  gum,  498. 

—  haematite,  158. 

—  iodide  of  mercury,  226. 

—  lead,  243. 

—  litmus  paper,  103. 
I  —  ochre,  661. 

I  —  oxide  of  iron,  158,  171,  661 

—  Paris,  66  r. 

—  phosphorus,  386. 
I  —  -poppy-petals,  661. 

—  precipitate,  232. 
t  —  prussiate  of  potash,  403. 

 rose  petals,  661. 

—  sandal- wood,  500,  661. 

—  sanders-wood,  500,  66i. 

—  Venetian,  171. 
Reduced  indigo,  339. 

—  iron,  171. 
Reducing  flame,  151. 
Reinsch's  test  for  arscnium, 

194. 

Relative  weight  of  hydrogen 

and  oxygen,  15. 
Remijia  bark,  629. 


Rennet,  652. 
Reseda  luteola,  661. 
Resin,  492,  504. 

—  arnica,  505. 

—  cannabis,  505. 

—  capsicum,  506. 

—  castor,  506. 

—  ergot,  506. 

—  guaiacum,  601. 

—  Indian  hemp,  505. 

—  jalap,  602. 

—  kaladana,  603. 

—  kamala,  507. 

—  kousso,  506. 

—  mastic,  506. 

—  mezereon,  507. 

—  oils,  504. 

—  pepper,  507,  645. 

—  podophyllum,  507. 

—  pyrethrum,  507. 

—  rottlera,  507. 

—  scammony,  606. 

—  soap,  550. 
Resina,  504. 
Resins,  504. 
Resorcin,  543. 

Respiratory  materials  of  food, 

654. 
Retort,  142. 

Rhamni   frangula  cortex, 
400. 

—  purshiani  cortex,  399. 

—  succus,  598,  663. 
Rhamnin,  660. 
Rhamnose,  600. 

—  frangula,  600. 
Rhamnus  catharticus,  663. 
Rhaponticin,  399. 
Rhatany  root,  425. 
Rkei  radix,  399. 

 impurities  in,  840. 

Rheic  acid,  399. 
Rhein,  399. 
Rheumin,  399. 
Rhodium,  845. 
Rhceadine,  619. 
Rhceados  petala,  661. 
Rhubarb,  oxalate  of  calcium 

from,  371. 
Rhubarbaric  acid,  399. 
Rhubarbarin,  399. 
Rhus  cotinus,  660. 
Rice,  564. 

 starch  (fig.),  s6S- 

Ricinine,  552. 

Ricinoleate  of  glyceryl,  552 
Ricinoleine,  552. 
Ringworm  powder,  399.  . 
Roccella  tinctoria,  553. 
Roche  alum,  156. 
Rochelle  salt,  77,  92>  377- 
Rock  alum,  156. 
—  -salt,  8S. 
Rohun-bark,  609. 
Roll  sulphur,  353. 
Roman  cement,  419. 
Rosa  canina,  431. 
Rosa  caniiuv  fructus, 
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Rosce  centifolia  petala,  499, 
661. 

—  gallica  pctala,  661. 
Rose,  499,  559,  661. 
 oil,  499. 

—  -petals,  499,  661. 

 water,  494,  499. 

Roseaniline,  514,  664. 
Rosemary-oil,  499. 
Rosin,  492,  504. 
Rotang  palm,  506. 
Rotten-stone,  154. 
Rottlera  tincloria,  507. 
Rottlerin,  507. 
Rouge,  animal,  398. 

—  mineral,  171,  662. 

—  vegetable,  662. 
Rubia  tinctoria,  661. 
Rubianic  acid,  661. 
Rubidium,  845. 
Rubijervine,  643. 
Ruby,  154. 
Rue-oil,  500. 
Rum,  526. 
Rumex,  399. 
Rumicin,  399. 
Rust  of  iron,  159. 
Rutate  of  glyceryl,  551- 
Ruthenium,  845. 
Rutic  acid,  551. 

—  aldehyde,  500. 

—  radical,  551. 


Sabadilla,  648. 
Sabadilline,  648. 
Sabadine,  648. 
Sabadinine,  648. 
Sabatrine,  648. 
Sabinae  cacumina,  500. 
Saccharated    carbonate  ot 
iron,  162. 

 volumetric  estima- 
tion of,  766. 

Saccharic  acid,  562. 

Saccharin,  530. 

—  soluble,  530. 
Saccharine,  558. 
Saccharometer,  825. 
Saccharometry,  825.  _  _ 
Saccharomyeescercvisue,  525. 

Saccharons,  559. 
Saccharoses,  556,  559- 
Saccharum  lactis,  561. 

—  purificaium,  559. 

—  usttem,  561. 
Sacred  bark,  399. 
Safety- lamp,  14- 

 tube,  309. 

Safflovver,  662. 
Saffranin,  660. 
Saffron,  660. 
_  bastard,  662. 

—  dyer's,  662. 

—  oil  of,  660. 
Safrol,  500. 
Sage,  oil  of,  500 
Sago,  563. 


Sago  starch  (fig.),  5«5. 
Sal  ammoniac,  97. 

—  prunella,  332. 

—  volatile,  101. 
Salep,  570. 
Salicin,  543,  604. 
Salicinum,  604. 
Salicylate  of  methyl,  485,  587- 

—  phenyl,  587. 

—  sodium,  587. 
Salicylic  acid,  486,  543,  587- 

—  aldehyde,  485,  544,  588. 
Salicylol,  485. 
Salicylous  acid,  485. 
Saligenin,  588,  604. 

—  alcohols,  543. 
Saligenol,  543,  604. 
Saliretin,  604. 
Saliva,  699. 
Salol,  587. 
Salseparin,  605. 
Salt  cake,  366. 

—  common,  85. 

—  definition  of  a,  61. 

—  Epsom,  129. 

—  of  sorrel,  372. 

—  Rochelle,  77,  92,  377- 
Saltpetre,  332. 

—  Chili,  332. 
Salts,  acid,  75,  77.  353- 

—  action  of  the  blowpipe  on 
442. 

—  of  heat  on,  441. 

—  of   sulphuric  acid  on 
441. 

—  alkyl,  576. 
_  analogies  of,  95. 

—  analysis  of  insoluble,  440. 

—  constitution  of,  67,  i36>  3°4, 

333,  35°,  449- 
 resume,  449. 

—  double,  83. 

—  formation  of,  72. 

—  nomenclature  of,  75.  79- 

—  of  ammonium,  volatility  of, 
108. 

—  of  iron,  nomenclature  oi, 

'59-  .  r 

—  physical  properties  ol,  439- 
_  substitution  of,   for  each 

other,  95. 
_  table  of  the  solubility  or 
insolubility  of,  in  water, 

43°- 
Salviol,  500. 
Sambucene,  500. 
Sambuci  Jlorcs,  500. 
Sand,  419. 

-bath,  21. 
-stone,  419. 
-tray,  21. 
Sandal-wood,  oil  of,  500. 

—  red,  664. 

—  white,  500. 

—  yellow,  500. 
Sanders-wood,  red,  604. 

Sandstone,  418.  , 
SanguinariaCanadcnsisfi.\  . 


Sanguinarine,  646. 
Santalin,  661. 
Santalum  album,  500. 
Santonic  acid,  605. 
Santonin,  604. 
Santoninum,  605. 

—  impurities  in,  840. 
Santoniretin,  605. 
Sap-green,  663. 
Sapan-wood,  661. 
Sapo  animalis,  549. 

—  durus,  549. 
 impurities  in,  840. 

—  kalinus  venalis,  549- 

—  mollis,  549. 
 impurities  in,  840. 

—  viridis,  549. 
Sapogenol,  605. 
Saponetin,  605. 
Saponin,  605. 
Saponification,  550. 
Sapotoxin,  606. 
Sapphire,  154. 
Saprine,  612. 

Sarcina  ventriculi  in  urine, 
699. 

Sarcolactic  acid,  411,  583- 
Sarcocephalus  esculcntus, 

506. 
Sarkine,  615. 
Sarkosine,  612. 
Sarracenia  purpurea,  648. 
Sarsaparilla,  605. 
Sarza  radix,  605. 
Sassafras-oil,  500. 

—  radix,  500. 

—  swamp,  608. 
Sassafrol,  5°°-        ,  ,, 
Saturated  hydrocarbons,  40b. 

—  solutions,  boiling-points  ol, 
711.  .  . 

Saturating  power    of  citric 

acid,  383. 
 of   tartaric   acid,  377, 

378. 
Saturation,  72. 

—  tables,  843. 
Saturn,  241. 
Saturnine  colic,  241. 
Savin-oil,  500. 
Saxon  blue,  662. 
Saxony  blue,  662. 
Scale  compounds  of  iron,  172, 

etseq. 
Scammonicr  radix,  bob. 

—  rcsitia,  606. 

 impurities  in,  840. 

Scammonin,  606. 
Scammoniol,  6of>. 
Scammonium,  606. 
Scammony,  resin  of,  000. 
Scandium,  845. 
Scents,  495. 
Scheele's  green,  200. 

Schist,  154-  _  .  .  *  o 
Scha-nocaulon  o&a»ah,W- 

Schonbein's  lest  for  hydro 

cyanic  acid,  330. 
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Schweinfurth  green,  200. 
Science  of  chemistry,  2. 
Scilla,  560,  606. 
Scillin,  607. 
Scillipicrin,  607. 
Scillitin,  606. 
Scillitoxin,  607. 
Sclerotic  acid,  506. 
Sclerotinic  acid,  506. 
Scoparii  cacumina,  646. 
Scoparin,  646. 
Scopoleine,  636. 
Scopoletin,  636. 
Scopola  Japonica,  615,  636. 
Scutellaria,  609. 
Scyllite,  559. 
Sea-salt,  85. 
Sebacate  of  ethyl,  485. 
Secale  cerate,  506. 
Secondary  alcohols,  520. 
Sediments,  urinary,  692. 

—  urinary,    microscopic  ex- 

aminations of,  694. 
Seed-lac,  662. 
Seidlitz  powder,  378. 
Selenic  acid,  354. 
Selenion,  845. 
Selenious  acid,  354. 
Selenium,  845. 

Semina  cardamomi  majoris, 
498. 

Senega:  radix,  606. 
Senna  A  lexandrina,  597. 

—  Indica,  597. 
Sepia,  663. 
Serolin,  651. 
Serpentaiia,  609. 
Serpent's  excrement,  693. 

Sesame-oil,  553. 
Sesamum  indicum,  553. 

Sesquiterpene,  492. 

Senium  preeparatum,  550. 

Sexivalence,  56. 

Shale,  154. 

Shark-liver  oil,  553. 

Shellac,  662. 

Shell-fish  poison,  613. 

Sherry  wine,  526. 

Shot,  240. 

Siam  benzoin,  431. 

Sidee,  505. 

Sienna,  663. 

.  Sifting,  an  aid  to  analysis 
440,  448. 
Silica,  418. 

Silicate  of  aluminium,  418. 

—  calcium,  419 

—  lithium,  261. 

—  magnesium,  418. 
Silicates,  418. 

—  quantitative  estimation  of, 

805. 

—  tests  for,  420. 
Silicic  acid,  418,  420. 

—  anhydride,  420. 
Siliciuretted  hydrogen,  420. 
Silicon,  chloride,  420. 

—  derivation  of  word,  26. 


Silicon  fluoride,  405,  420. 

—  hydride,  420. 

—  oxide,  420. 
Silver,  247. 

—  ammonio-mtrate,  200,  237. 

—  analytical    reactions  of, 
251- 

—  antidotes,  253. 

—  arseniate,  200,  252. 

—  arsenite,  200. 

—  bromide,  252,  314. 

—  chloride,  249. 

—  chromate,  252. 

—  citrate,  384. 

—  coinage,  248,  728. 

—  cyanide,  248,  328. 

—  derivation  of  word,  26. 

—  estimation  of,  by  cupella- 
tion,  793. 

—  extraction  of,  248. 

—  fulminate,  251. 

—  German,  146,  272. 

—  iodide,  252,  318. 

—  nickel,  271. 

—  nitrate,  impure,  248. 

 pure,  250. 

 toughened,  250. 

 volumetric  solution  of, 

755- 

—  oxalate,  373. 

—  oxide,  251. 

—  phosphate,  252. 

—  pure,  249. 

—  quantitative  estimation  of, 
79z- 

—  standard  solution   of  ni- 
trate of,  755. 

—  sulphate,  248. 

—  sulphide,  252. 
 native,  248, 

—  sulphite,  360. 

—  tartrate,  379. 

—  tree,  252. 
Sinalbin,  537. 
Sinapis,  537. 

—  albie  semina,  537. 

—  impurities  in,  840. 
— juncea,  see  Brassica. 

—  nigrte  semina,  537. 
Sinapisine,  537. 
Sinigrin,  537. 
Sinistrin,  607. 
Siphon,  120. . 
Size,  655. 
Skullcap,  609. 
Slaked  lime,  116. 
Slate,  153. 
Smalt,  269,  662. 
Smilacin,  605. 
Snake-root,  black,  608. 

 Virginia,  609. 

Soap,  ammonium,  calcium, 

castile,  green,  hard, 
Marseilles,  mottled,  po- 
tassium,  sodium,  soft, 

549- 

 bark,  606. 

—  curd,  549. 


Soap,  marine,  551. 

—  resin,  550. 

—  -stone,  664. 
 wort,  605. 

—  yellow,  550. 
Socaloin,  519. 
Socotrine  aloes,  518. 

Soda,  86,  367. 

—  acetate,  87. 

—  -alum,  154. 

—  arseniate,  190. 
— -ash,  94,  367. 

—  benzoate,  397,  75°. 

—  bicarbonate,  88,  368. 

—  carbonate,  89,  94,  366. 

—  caustic,  86. 

—  citro-tartrate,  93. 

—  hydrate,  86. 

—  hypophosphite,  406. 

—  hyposulphite,  408. 

—  -lime,  812. 

—  nitrate,  86,  332. 

—  phosphate,  93,  123- 

—  powders,  94. 

—  salicylate,  587. 

—  solution  of  chlorinated,  93. 

—  standard  solution  of,  752. 

—  sulphate,  309. 

—  sulphite,  359. 

—  sulphocarbolate,  541. 

—  valerianate,  429. 

—  volumetric   estimation  of, 

747- 

—  water,  91. 
Soda  caustica,  86. 

—  impurities  in,  840. 

—  tartardta,  77,  92,  375. 

 impurities  in,  840. 

Sodic  carbonate,   etc.,  vide 

salts  of  Sodium. 
Sodii  acetas,  87. 
 impurities  in,  840. 

—  arsenias,  190. 
 impurities  in,  840. 

—  benzoas,  397,  750. 
 impurities,  in,  840. 

—  bicarbonas,  88,  368. 
 impurities  in,  840. 

—  bromidum,  93. 
 impurities  in,  840. 

—  carbonas,  89,  366,  368. 

 impurities  in,  840. 

 exsiccata,  90. 

—  Moridmn,  85. 

—  chlorinata-  liquor,  93. 

—  citro-tartras  cffervcsccns, 
93- 

—  hypophosplus,  406. 
 impurities  in,  841. 

—  hyposulphis,  408. 
 impurities  in,  840. 

—  iodiduiu,  93. 
 impurities  in,  S41. 

—  nitras,  332. 
 impurities  in,  841. 

uitris,  415. 
 impurities  in,  841. 

—  phosfi/ias,  1 23. 
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Sodii phosp/uis,  impurities  in 
841. 

 effervescens,  94. 

—  salicylas,  587. 
_  —  impurities  in,  841. 

—  sulphas,  309. 

—  —  impurities  in,  841. 
 effervescens,  94. 

—  sulphis,  359. 
 impurity  in,  841. 

—  sulphocarbolas,  54r. 
 impurity  in,  841. 

—  valet  ianas,  429. 

 impurities  in,  841. 

Sodio-citrate  of  iron,  176. 
Sodium,  85. 

—  acetate,  87. 

—  acid  carbonate,  88. 
 sulphate,  307. 

—  analytical  reactions  of,  95. 

—  and     aluminium  double 

chloride,  154. 

—  and  platinum,  chloride  of, 

287. 

—  arseniate,  190. 

—  arsenite,  188,  190. 

—  benzoate,  397. 

—  biborate,  393. 

—  bicarbonate,  88,  94,  3°°- 

 chemically  pure,  748. 

 lozenges,  92. 

—  bisulphite,  358. 

—  bromate,  80,  314- 

—  bromide,  93. 

—  carbonate,  85,  89,  308. 

—  —  chemically  pure,  74°- 

 manufacture  of,  94,  366- 

_  chlorate,  342 

—  chloride,  85. 

—  cholate,  658. 

—  citrotartrate,  93. 

—  derivation  of  word,  25. 

—  ethylate,  528. 

—  flame,  95,  109. 

—  glvcocholate,  058. 
_  gravimetric  estimation, 

777-  ■ 

—  hydrate,  86. 
_  hypochlorite,  93. 

—  hypophosphite,  406. 
 hyposulphite,  408. 

—  iodide,  93. 

—  manganate,  266. 

—  nitrate,  86,  332. 

—  nitrite,  415- 
_  oxalate,  372. 

—  permanganate,  260. 

—  phosphate,  123. 
 effervescent,  94- 

 how  prepared  from  phos- 
phate of  calcium,  123. 

_  potassium  and  ammonium, 
separation  of,  109- 

—  and  potassium,  tartrate  of, 

377' 

—  pyroarseniatc,  190. 

—  pyroborate,  393- 

 pyrophosphate,  417- 


Sodium,  quantitative  esti 
mation  of,  777. 

—  salicylate,  587. 

—  salts,  analogy  of,  to  potas 
sium  salts,  95. 

—  —  sources  of,  85. 

—  stannate,  280. 

—  sulphate,  309. 
 effervescent,  94. 

—  sulphite,  359. 

—  sulphocarbolate,  541. 

—  tartrate,  378. 

—  taurocholate,  658. 

—  valerianate,  429. 
Soft  soap,  549. 
Soils,  analysis  of,  830. 
Solania,  646. 
Solanidine,  646. 
Solanine,  646. 
Solatium  dulcamara,  646. 

—  tuberosum,  646. 

 starch  of  ('fig-),  565- 

Solazzi  juice,  601. 
Solder,  240,  278. 
Solid,  definition  of,  59. 

—  fats,  550. 

—  potash,  70. 

Solids,   to  take  the  specific 
gravity  of,  728,  et  sea. 

—  heavier  than  water  to  take 
the  specific  gravity  of, 

7z8-  .        . , 

Solubility  of  carbonic  acid 
gas  in  water,  91. 

—  of  gases  in  water,  92. 

—  or  insolubility  of  salts  111 
water,  Table  of,  436- 

Soluble  cream  of  tartar,  394. 

—  glass,  420. 

—  saccharin.  530. 

—  starch,  567. 

—  substances,   to    take  the 
specific  gravity  of,  73°- 

—  tartar,  76. 

Solution  of  acetate  of  am- 
monium, 99. 

 copper,  218. 

 iron,  172- 

 strong,  172. 

 potassium,  72. 

 sodium,  87. 

—  albumen,  649 


—  ammonia,  99. 

—  ammonio-nitrate  of  silver 


200,  237. 

—  ammonio-sulphate  or  cop- 

per, 200. 
 magnesium,  803. 

—  arsenic,  acid,  190. 
 alkaline,  188. 

—  boric  acid,  394- 

—  bromine,  314. 
_  carbonate  of  ammonium, 

lot. 

_  chloride  of  ammonium,  97. 

 antimony, '203. 

 barium,  1 1 1  • 

 calcium,  115- 


Bolution   of  chloride  of 
gold,  284. 

 tin,  279. 

 zinc,  148. 

—  chlorinated  lime,  125. 
 soda,  93. 

—  chlorine,  20,  310^ 

—  citrate  of  ammonium,  102. 
 bismuth  and  ammonium, 

294. 

—  ethylate  of  sodium,  528. 

—  ferric  chloride,  166. 

—  ferricyanide  of  potassium, 
4°3- 

—  ferrocyanide  of  potassium, 
402. 

—  fractional,  94,  92,  448- 

—  gutta  percha,  502. 

—  iodate  of  potassium,  346. 

—  iodide  of  potassium,  78. 

—  iodine,  317. 

—  isinglass,  655. 

—  lime,  117. 

—  litmus,  103,  750. 

—  nature  of,  155,  737- 

—  nitrate  of  mercury,  227. 

—  oxalate  of  ammonium,  103. 

—  oxyacetate  of  lead,  127, 
242. 

—  perchloride  of  gold,  284. 

 iron,  166. 

 mercury,  231. 

 platinum,  286. 

—  pernitrate  of  iron,  177. 

—  persulphate  of  iron,  169. 

—  phosphate  of  sodium,  123. 
 phosphoric  acid,  387. 

—  potash,  64. 
 effervescing,  75.  . 

—  potassio-mercuric  iodide 

745*  u 

—  red  prussiate   of  potash, 

4°3- 

—  soda,  86. 

—  stannous  chloride,  279. 

—  strychnine,  630. 

—  sulphate  of  calcium,  127. 

 indigo,  339. 

 iron,  169,  173. 

—  sulphydrate  of  ammonium, 
104. 

—  tartaric  acid,  376. 
_  yellow  chromate  of  potas- 
sium, in.  . 

S0.mcnschei.1s    pr°«ss  for 
poisonous  alkaloids,  obo. 
Sophorine,  641. 
Sorbin,  558- 
Sorrel  salt,  372. 
Soot,  22. 

Soubresnuts,  326. 
Source  of  heat,  6. 
Sovereign,  weight  of  the,  283. 
Soymidafcbrifuga,  609. 
Sozoiodol,  53°- 
Sozolic  acid,  53°-  , 
Spanish  liquorice,  601  - 
Spar,  fluor,  114,  4°4- 
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Spar,  heavy,  112. 
Sparteine,  or  sparteia,  646. 
Spathic  iron-ore,  158. 
Spearmint-oil,  499. 
Specific  gravity,  724> 
seg. 

 bottles,  725. 

 of  gases,  731. 

 of  liquids,  725. 

 of  official  liquids,  726. 

 oxygen,  15. 

 of  powders,  729. 

 of  solids,  728. 

 lighter  than  water, 

730. 

 of  soluble  substances, 

73°- 

—  heat,  144,  735- 

—  weight,  724. 

Spectral  analysis,  303,  668. 
Spectroscope,  303,  668. 
Specular  iron-ore,  158. 
Speculum  metal,  278. 
Speiss,  271. 
Spermaceti,  536. 
Spermatozoa  in  urine,  699. 
Sperm-oil,  536. 
Spircpaulmaria,  485,  588,604. 
Spirit,  methylated,  521. 

—  of  French  wine,  526. 

—  of  myrcia,  526. 

—  of  nitrous  ether,  480. 
 adulterated,  523. 

—  of  turpentine,  492. 

—  of  wine,  527. 

 impurities  in,  841. 

—  petroleum,  475,  513. 

—  proof,  527. 

—  pyroxylic,  521. 

—  rectified,  143,  527- 

—  wood-,  521. 
Spirits,  526. 

'  —  analysis  of,  827. 
Spirit  us  cetheris,  534. 

 compositus,  488. 

 nitrosi,  415,  480. 

 impurities  in,  841. 

—  ammonite aromaticus,  101, 

726,  746,  841. 

 impurities  in,  841. 

 fcetidus,  101. 

—  armoracia  compositus, 

496.  _ 

—  ca/ui>uti,  495. 

—  chloroformi,  impurities  in, 

841. 

—  cinnamomi,  495. 
—juntperi,  495. 

—  lavandulee.  495. 

—  mentlue  piperita,  495. 

—  myrcia:,  526. 

—  myristica,  495. 

—  rectificatus,  527. 
 impurities  in,  841. 

—  rosmarini,  495. 

—  tenuior,  527. 

 impurities  in,  841. 

—  vitti  gallici,  526. 

A.C. 


Spodumene,  260. 

Spogel  seeds,  571. 

Sponge,  654. 

Spongy  platinum,  287. 

Spontaneous  combustion,  178. 

Spotted  cranesbill,  426. 

Spruce  fir,  507. 

Spurge  laurel,  507. 

Squalus  carcharias,  553. 

Squill,  560,  570,  606. 

 bulb,  606. 

—  vinegar  of,  348. 
Standard  solution  of, 

hyposulphite  of  sodium 
768. 

 iodine,  761. 

 nitrate  of  silver,  755. 

 oxalic  acid,  742. 

 red  chromate  of  potas- 
sium, 764. 

 soda,  752. 

 sulphuric  acid,  751. 

Stannate  of  sodium,  280. 
Stannates,  280. 
Stannic  acid,  280. 

—  anhydride,  279. 

—  chloride,  279. 

—  oxide,  277,  279. 

—  sulphide,  281. 

 anhydrous,  281. 

Stannous  chloride,  279. 
 solid,  279. 

—  hydrate,  281. 

—  oxide,  281. 

—  sulphide,  280. 
Stannum,  27. 
Staphisagrite  semina,  641. 
Star-anise  oil,  495. 
Starch,  562. 

—  action  of  diastase  upon, 

568. 

 of  dilute    acids  upon, 

 animal,  567. 

—  blue,  563. 

—  cellulose,  565. 

—  granules,  composition  of, 

.565. 

—  iodide  of,  318,  564. 

—  mucilage  of,  564. 

—  potato,  563. 

—  quantitative  estimation  of, 

824. 

—  soluble,  567. 

—  white,  563. 

Starches,  microscopy  of,  565. 
Stas's  process  for  poisonous 

alkaloids,  679. 
Stavesacre,  641. 
Steam-bath,  122. 
Stearic  acid,  544,  582,  584. 
Stearine,  547. 
Stearoptens,  494. 
Steatite,  664. 
Steel,  158. 

—  wine,  176. 
Stereochemical  conceptions, 

464,  469. 


Stibium,  26. 
Stibines,  611. 
Stick  lac,  662. 

—  liquorice,  601. 
Still,  141. 
Stillingia,  647. 
Stone-coal,  277. 

—  red,  664. 

—  ware,  419. 
Storax,  504,  590. 
Stout,  526. 
Stramonii folia.,  643. 

—  semina,  643. 
Strasburg  turpentine,  492. 
Strawberry,  sugar  in,  557. 
Stream-tin,  277. 
Strontianite,  262. 
Strontium,  262. 

analytical     reactions  of, 
262. 

—  carbonate,  262. 

—  derivation  of  word,  27. 
flame,  263. 
nitrate,  262. 

—  sulphate,  262. 
Strophanthidin,  607. 
Strophanthin,  607. 
Strophanthus,  607. 
Structure,    as  indicated 

by :—  _  [45°^ 

chemical  "periodicity," 
—  properties,  462,  471. 
density  of  gases  and  va- 
pours, 51,  54,  732. 
electricity,  etc.,  737. 
isomorphism,  54. 
specific  heat,  735. 
substitution,  219. 
Structure  of  flame,  13. 

—  of  molecules,  153, 155,  219, 
461,  469. 

Structural  formulae,  459. 
Strychnine  or  strychnia,  629. 
.  impurities  in,  841. 

—  analytical     reactions  of 

630. 

—  citrate,  630. 

—  in  organic  mixtures,  detec- 

tion of,  676. 

—  sulphate,  630. 

—  with    brucine,  estimation 

of,  822. 
Stryclmos  Ignatius,  629. 

—  mix  vomica,  603,  629. 
Styracin,  590. 

Styrax  pneparatus,  590. 
Styrol,  590. 
Styrone,  590. 

Subacetate  of  copper,  218. 

—  lead,  242. 

Subcarbonate  of  iron,  162. 

—  bismuth,  292. 
Subchloride  of  iron,  167. 

—  of  mercury,  231,  238. 
Suberate  of  ethyl,  485. 
Sublimation,  100. 
Sublimed  sulphur,  353. 
Subnitrate  of  bismuth,  291, 

3  L 
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Substances  readily  _  deoxi- 
dized, quantitative  esti- 
mation of,  768. 

—  oxidized,  quantitative  esti- 

mation of,  761. 
Substitution,  194,  219,  469. 

—  products,  476. 
Succi,  703. 

Succinate  of  potassium,  421. 
Succinates,  421. 
Succinic  acid,  420,  591. 
Succimim,  420. 
Succus  limonum,  382. 
Sucrose,  559. 
Suet,  550. 

—  prepared,  550. 
Suffioni,  393. 

Sugar,  action  of  alkali  upon, 
560- 

—  amount  in  various  fruits, 

557- 
' —  barley,  561. 

—  brown,  559. 

—  candy,  559. 

—  -cane,  557,  559-  . 

—  detection  of,  in  urine,  000. 

—  from  caoutchouc,  559. 

 eucalyptus,  561. 

 fish,  559.  _ 

 gum  arable,  558. 

 larch,  561. 

 melitose,  561. 

 mountain  ash,  558. 

 muscles,  558. 

—  starch,  558,  560. 

 Turkish  manna,  561. 

—  grape-,  556. 

—  inverted,  557. 

—  lichen,  553. 

—  lump,  559. 

—  -maple,  561. 

—  milk-,  561. 

—  moist,  5^9. 

—  of  gelatine,  656. 

—  of  lead,  242. 

—  patent,  558,  . 

—  quantitative  estimation  ol, 

825. 

—  test  for,  557,  558. 
 sand,  562. 

—  syrup,  559. 
Suint,  548. 

Sulphamido  benzoates,  530;- 
Sulptiate  of  aluminium,  156. 
 and  ammonium,  154. 

—  ammonium,  98. 

—  barium,  112. 

—  beberine,  636. 

—  bismuth,  293. 

—  calcium,  114,  126- 

—  chromium,  274. 

—  cinchonidine,  627. 

—  cinchonine,  627. 

—  cobalt,  269. 

—  copper,  217. 
 anhydrous,  218. 

-  cupr-diammon-diamino- 
nium,  237. 


Sulphate  of  indigo,  339. 

—  iron,  160. 

 and    ammonium,  154, 

161. 

 iron,  solution  of,  161. 

—  lead,  246. 

—  lithium,  261. 

—  magnesium,  129. 

—  mercury,  228,  229. 

—  morphine,  618. 

—  potassium,  76,  335. 

—  quinine,  623. 

—  sodium,  309. 

—  strontium,  262. 

—  strychnine,  630. 

—  zinc,  146. 
Sulphates,  360. 

—  analytical    reactions  of, 

364-     .  • 

—  quantitative  estimation  ot, 

800. 

Sulphethylic  acid, .532. 
Sulphide  of  allyl,  538. 

—  ammonium,  104. 

—  antimony,  202,  208. 

—  arsenium,  ^87,  198. 
 native,  187. 

—  barium,  112. 

—  bismuth,  294. 

—  cadmium,  289. 

—  calcium,  125. 

—  cobalt,  269. 

—  iron,  23,  161,  180,  181. 

—  lead,  245. 
 native,  240. 

—  manganese,  267. 

—  mercury,  237. 
 native,  221. 

—  molybdenum,  391. 

—  nickel,  271. 

—  potassium,  70. 

—  silver,  252. 
 native,  248. 

—  zinc,  151. 

 native,  145. 

Sulphides,  352, 

—  analytical     reactions  of, 
356.  • 

—  quantitative  estimation  of, 

Rulpliiudigotic  acid,  339. 
Sulphindylic  acid,  339. 
Sulphite  of  barium,  360. 

—  calcium,  360. 

—  silver,  360. 

—  sodium,  359. 

—  zinc,  151. 

Sulphites,  357-    .  . 

—  analytical    reactions  ot, 
359. 

—  quantitative  estimation  of, 

799-  ,  , 
Sulphocarbolatcsf  541- 
Sulphocarbolic  acid,  541. 
Suiphocarbonates,  368. 
Sulphocarbollic  anhydride, 
368. 

Sulphocyanate  of  aennyl,  537. 


Sulphocyanate  of  allyl,  537. 

—  butyl,  496. 

—  iron,  182,  421. 

—  mercury,  422. 

—  tetryl,  496. 
Sulphocyanates,  421. 
Sulphocyanic  acid,  421. 
Sulphocyanides,  422. 
Sulphocyanogen,  422. 
Sulphonal,  530,  649  (table). 

—  impurities  in,  841. 
Sulphonic  acids,  529. 
Sulphophenates,  541. 
Sulphophenic  acid,  541. 
Sulphostannates,  281. 
Sulphovinic  acid,  364,  532. 
Sulphur,  22,  352. 

—  adulteration  of,  356. 
— alcohols,  529. 

—  allotropy  of,  353. 

—  analogies,  199,  354. 

—  analytical    reactions  of, 
356;  . 

—  arsenic  in,  199. 

—  bromide,  357. 

—  chloride,  357. 

—  derivation  of  word,  24. 

—  estimation  of,  798. 

—  ethers,  529,  533- 

—  flowers  of,  353. 

—  hypochlorite,  357. 

—  iodide,  317. 

—  liver  of,  70. 

—  lozenges,  355. 

—  milk  of,  354. 

—  molecular  weight  of,  352. 

—  oxyacids,  409. 

—  plastic,  353. 

—  precipitated,  354. 

—  roll.  353- 

—  sublimed,  353. 
Su.phur  latum,  353. 

—  prtecipitatum,  354- 
 r  impurities  in.  841. 

—  sublimatuDi,  353. 

 impurities  111,  841. 

Sulphurated  antimony,  205. 

—  lime,  125. 

—  potash,  70. 

Sulphurets,  vide  Sulphides. 
Sulphuretted  hydrogen,  104, 

161,  3$2-      .„  , 
Sulphuric  acid,  ^60. 

 antidotes  to,  365. 

 aromatic,  364. 

 diluted,  363. 

 estimation  of,   in  vine- 
gar, 800. 

 fuming.  3*4- 

 Nordhausen,  364. 

 organic  mixtures,  de- 
tection of,  in,  673. 

 purification  of,  363.  jj 

 standard    solution  of. 


75 1. 

 volumetric 

of,  754- 
—  anhydride  364 


estimation 


index. 
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Suiphuris  iodidum,  317. 

 impurities  in,  841. 

Sulphurous  acid,  22  357-  . 

 volumetric  estimation 

of,  761. 

—  anhydride,  357. 
Sulphydrate  of  ammonium, 

solution  of,  104. 
Sulphydric  acid,  352. 
Sumatra  camphor,  502. 
Sumbul,  509. 

—  radix,  509. 

—  root,  509. 

Supporters  of  combustion,  13. 
Suppositoria  acidi  tannici, 
423. 

 cum  sapone,  423. 

—  morphina>,  618. 

—  piumbi  composita,  242. 
Suppositories,  703. 
Surface  unit,  719. 
Surgery,  3. 

Swamp  sassafras,  608. 
Sweet  birch,  oil  of,  485. 

—  flag  oil,  500. 

—  spirit  of  nitre,   415,  48°i 

S23- 

 adulterated,  523. 

■    Sweetbread,  657. 
Sylvestrene,  492. 
Sylvic  acid,  504. 
Symbol,  function  of  a,  58. 
Symbols  of  elements,  24,  et 
seq.,  844- 

—  illustration     of  chemical 

action  by,  43. 
Sympathetic  inks,  270. 
Symmetrical  compounds,  516. 
Synaptase,  595. 
Synthesis,  64. 
Syphon,  see  Siphon. 
Syrup,  golden,  561. 
Syrupi,  impurities  in,  841. 
Syrups,  703. 

—  specific  gravities  of,  727. 
Syrufrus,  559,  824. 

—  aurantii,  496. 

 Jloris,  496.  v 

— fcrri  iodidi,  23. 

 phosphatis,  164. 

 subchloridi,  167. 


Tabaci folia,  644. 
Tabellce  nitroglycerini,  545. 
Tables,   various,  see  Appen- 
dix. 
Talc,  154. 
Tamarindus,  381. 

—  impurities  in,  841. 
Tampico  jalap,  603. 
Tannic  acid,  or  tannin,  422 

589. 
Tanning,  424. 
Tantalum,  845. 
Tapioca,  564. 

—  starch  (fig.),  565- 
Tar,  492,  509. 


Taraxaci  radix,  609. 
Taraxacin,  609. 
Tartar,  cream  of,  63,  83,  375. 

—  emetic,  205,  375. 
 estimation  of  antimony 

in,  786. 

—  meaning  of,  375. 

—  soluble.  77. 

 cream  of,  394. 

Tartarated  antimony,  205. 
Tartaric  acid,  374,  591- 
 saturating    power  of, 

377.  378,  843. 

 solution  of,  376.  _ 

 volumetric  estimation 

of,  754-  . 

—  series  of  acids,  591. 
Tartarus  boraxatus,  394. 
Tartrate    of  ammonium, 

107. 

—  antimony  and  potassium, 

205,  375- 

—  calcium,  379. 

—  morphine,  618. 

—  potassium  acid,  63,  77,  83, 

 ^neutral,  76,  376. 

 and  sodium,  92,  377. 

—  silver,  379. 

—  sodium,  378. 
Tartrates,  374. 

—  analytical    reactions  of, 

379. 

—  volumetric  estimation  of, 

749' 

Tartromc  acid,  593. 
Taurine,  612,  658. 
Taurocholates,  658. 
Taxine,  647. 
Tea,  647. 
Tea-oil,  553- 
Telini  fly,  503. 
Tellurium,  845. 
Temperature,    correction  of 
volume  of  gas  for,  732. 

—  quantitative  determination 

of,  709. 
Terebenthene,  491. 
Terebene,  493. 

Tercbinthina  canadensis, 

492, 509.  _ 
Terephthalic  acid,  592. 
Terpene    series  -  of  hydro 

carbons,  491. 
Terpenes,  491. 
Terpinene,  492. 
Terpin  hydrate,  493. 
Terpinol,  493. 
Terpinolene,  492. 
Terra  di  sienna,  661. 
Tertiary  alcohols,  520. 
—  amylic  alcohol,  535. 
Terra  jafwnica,  425. 
Test-papers,  103. 

 tube,  5. 

Tetano-cannabin,  505. 
Tetanine,  612. 

Tetrachloride  of  carbon,  478. 


Tetrachloromethane,  478. 
Tetrabasy:  acids,  592. 
Tetra-iodo-pyrrol,  613. 
Tetrads,  137. 
Tetrahydric  alcohols,  553. 
Tetramines,  611. 
Tetrane,  473- 
Tetrathionic  acid,  409. 
Tetrylic  acid,  582,  593. 
— sulphocyanate,  496. 
Thalleioquin,  624. 
Thalline,  628. 
Thallium,  845. 
Thebaine,  619. 
Theia,  647. 
Theine,  647. 

—  relation  to  theobromine, 
648. 

Thenard's-blue,  662. 
Theobroma  cacao,  550,  647. 

 oil,  550.  . 

Theobromine,  relation  of,  to 
theine,  648. 

—  or  theobromia,  .648. 
Theophylline,  648. 
Therapeutics,  definition  and 

derivation  of,  3. 
Theriaca,  561. 
Thermolysis,  735. 
Thermometers,  710. 

—  Celsius's,  711. 

—  Centigrade,  711. 

—  Fahrenheit's,  711. 

—  Reaumur's,  711. 
Thermometric    scales,  con- 
version of  degrees  of. 
712. 

Thio-acids,  354. 
Thio-alcohols,  529. 
Thio-ethers,  529,  533. 
Thionic  acids,  409. 
Thiosulphates,  408. 
Thorinum,  845. 
Thorium,  845. 
Thorn-apple,  643. 
Thoroughwort,  608. 
Thus  amcricanum,  509. 

—  masculum,  511. 
Thyme,  500.  • 
Thymene,  500. 
Thymol,  500. 

'Thymus  vulgaris,  49S,  500. 
Tiglic  acid,  552. 
Tiles,  419. 
Tin,  277. 

—  amalgam,  278. 
 analytical  reactions  of,  280. 

—  antidotes  to,  282. 

—  block,  278. 

—  chloride,  279. 

—  derivation  of  word,  27. 

—  dropped,  or  grain,  278. 

—  foil,  278. 

—  granulated,  278. 

—  oxide.  280. 

—  perchloride,  279. 

—  plate,  278. 

—  prepare-liquor,  2E0. 
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Till-stone,  277. 

—  tacks,  278. 

 white  cobalt,  269. 

Tincal,  393. 

Tinctura  ferri  acetatis,  172. 
—  fierchloridi,  168. 

—  iodi,  317. 

—  nucis  vomica,  822. 

—  quinines,  624. 

 ammouiata,  623. 

Tincturte,  168. 

Tincture  of  phenol-phthalein, 
755- 

Tinctures,  168,  703. 
Tinnevelly  senna,  597. 
Tinospora  cordifolia,  608. 
Titanium,  845. 
Tobacco,  644. 
Toddalia  radix,  609. 
Tolene,  590. 

Tolu,  balsam,  504,  512,  589. 
Toluene,  512,  515.. 

—  dihydric  alcohols,  543. 

 sulphonic  acid,  530. 

 amide,  530. 

 chloride,  530. 

Toluol,  515- 
Tolyl  alcohol,  543. 

—  derivatives,  515. 
Tonic  substances,  608. 
Tonka  bean,  588. 
Toughened  caustic,  250. 

—  nitrate  of  silver,  250. 
Tourmalines,  419. 
Toxicology,  669. 
Tragacanth,  127,  570. 
Tragacantha,  127. 
Traganthin,  570. 
Treacle,  561. 
Tree,  lead,  247. 

—  silver,  252. 
Triads,  136. 
Triamines,  611. 
Triangle,  wire,  108. 
Tribasic  acids,  592. 
Tribasylous  radicals,  137. 
Tribromophenol,  540. 
Tricarballylic  acid,  592. 
Trichloracetal,  579. 
Trichloraldehyde,  578. 
Trichlorbutylidene  glycol 

58z-  u  1 

Trichlorethylidene  ethyl 

ether,  581. 

—  glycol,  579-  , 
Trichloromethane,  47(1. 
Trichloromethylbenzene,  396 

Triethylamtne,  010. 
Triethylia,  610. 
Trigonelline,  648. 
Trihydric  alcohols,  544- 
Trihydroxybenzene,  553- 
Trihydroxy  benzoic  acid,  5871 

589-  .     .  , 

Trihydroxyl    derivatives  ol 

the  hydrocarbons,  544. 
Tri-iodomcthane,  479. 


Trimetbyl  methane,  474. 
Trimethyl  phenoene,  512. 
Trimethylamine,  611. 
Trinitrine,  545. 
Trinitrocellulin,  571. 
Trinitro-phenol,  541. 
Triphane,  260. 
Triple  phosphate,  695. 
Tripoli,  418. 
Trithionic  acid,  409. 
Triticum  repens,  609. 

—  sativum,  563. 

 starch,  fig.  of,  565. 

Tritylia,  611. 
Trivalence,  56. 
Trivalent    radicals,    56,  68, 

136. 

Trochisci  acidi  tannici,  423. 

—  bismuthi,  292. 
— ferri  redacti,  178. 

—  morphuue,  618. 
 et  ipecacuanlue,  618. 

potassii  chlorosis,  344. 
sodii  bicarbonatis,  92. 

—  sttlp/iuris,  355. 
Tropate  of  tropine,  635. 
Tropic  acid,  635. 
Tropidine,  635. 
Tropine,  635. 
Tube-funnels,  ix. 
Tubes  for  collecting  gases,  6 

—  glass,  see  Glass  tubes. 
Tungsten,  845. 
Tunicin,  572. 
Turgite,  171. 
Turkey  corn,  641. 
Turmeric,  501,  660. 

—  oil,  501. 

—  paper,  103. 
Turmerol,  501. 
Turnbull's  blue,  180,  404. 
Turnsole,  662. 

Turpentine,  491.  5°9-  , 

—  American,  492. 

—  Bordeaux,  492. 

—  Canadian,  492. 

—  Chian,  492. 

—  French,  492. 
— .Russian,  492. 

—  impure,  492. 

—  rectified  oil  of,  492- 

—  spirit  of,  492. 

—  Strasburg,  492. 

—  Venice,  492. 
Turpeth  mineral,  229. 
Turps,  492. 

Tylophora  asthmattca,  642 
Type-metal,  203,  240,  290. 
Types,  chemical,  449. 
Typical  formula:,  449. 
Tyrosine,  612. 
Tyrotoxicon,  613,  682. 


Ulexine,  641.  _ 
Ultimate  analysis,  807. 
Ultramarine  blue,  662. 
—  green,  663. 


Ultraquinine,  629. 
Umbelliferone,  510. 
Umber,  663. 
Uncaria  gambier,  425. 
Unguentum  aconitina, 
°33- 

—  antimonii  tartarati,  205. 

—  atropine,  636. 

—  cerusste,  241. 

—  glycerini  plumbi  siibaceta- 

tis,  243. 

—  hydrargyri,  222. 

 ammoniati,  236. 

 iodidi  nibri,  227. 

 nitratis,  228. 

 dilutum,  228. 

 oxidi  rubri,  233. 

 subchloridi,  232. 

iodi,  317. 
paraffini,  475- 
plumbi  acetatis,  242. 

—  — carbonatis,  241. 
 iodidi,  244. 

potassa;  snlpkuratce,  70. 

—  staphisagri<p.,  641. 

—  sulphuris  iodidi,  317. 

—  veratrhue,  649. 

—  zinci,  150. 

Unitary  hypotheses,  333. 
Units    of    length,  surface, 
capacity,    and  weight, 
719. 

Univalence,  56. 
Univalent  radicals,  56,  130. 
Unsaturated  hydrocarbons, 
468. 

Unsymmetrical  compounds, 

Si6. 
Uranium,  845. 
Urari,  631. 

Urate  of  lithium,  261. 
Urates,  427. 

Urccoln  elastica,  501 . 

Urea,  400,  583.  6l2>  68S- 

—  artificial,  400,  691. 

—  nitrate  of,  683. 

—  test  for  excess  of,  in  urine, 
688. 

Urethane,  583-  ,„„  ,  , 
Uric  acid,  4=7.  688,  692,  695, 
70X. 

Urinary  calculi,  684. 

 examination  of,  700. 

_  deposits     or  sediments, 
plates  of,  695. 

—  sediments,  692. 
 miscroscopical  exami- 
nation of,  694. 

Urine,  427.  6S4- 

—  diabetic,  687. 

—  estimation  of  sugar  in,  S25. 

 of  urea  in,  688. 

_  morbid,   examination  ol, 

684. 

Urinometcr,  687. 
Urobilin,  684. 
Uroervthrin,  696. 
Urostealilh,  700. 
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Uva>,  374.  559- 
—  ursi  folia,  425, 


Valency,  56- 

—  variation  in,  155-. 

—  conception  of,  466. 
Valerene,  501. 
Valerian  oil,  501. 
Valeriana;  rhizoma,  501. 
Valerianate  of  amyl,  430,  485 

—  sodium,  429. 

—  zinc,  151,  43°- 
Valerianates,  429. 
Valerianic,   or  valeric  acid, 

429,  501,  582. 
Valerol,  501,  509. 
Valerone,  594. 
Valylene,  491. 
Vanadates,  392.  ■ 
Vanadinite,  392. 
Vanadium,  392,  845. 

—  relationship    to  nitrogen, 

phosphorus,  and  arseni- 

um,  392. 
Vanilla,  431. 
Vanilla  planifolia,  431 . 
Vanillic  acid,  431. 
Vanillin,  431- 

Vapor   acidi  hydrocyanici, 

327- 

—  chlori,  21. 

—  coning,  640. 

—  iodi,  316. 

—  olei pini  sylvestris ,  493. 
Vapour-density,  732. 
Variolaria,  662. 
Vegetable  albumen,  654. 

—  alkaloids,  612. 

—  and  animal  life,  relation  of 

—  casein,  054. 

—  crocus,  660. 

—  fibrin,  654. 

—  gelatine,  570. 

—  green,  663. 

—  jelly,  570. 

—  oil,  546. 

—  rouge,  662. 

Vegeto-animal  alkaloids,  612. 
Venetian  red,  171. 
Venice  turpentine,  492. 
Veratralbine,  643. 
Veratri  viridis  rhizoma,  643 
Veratridine,  649. 
Veratrina,  648. 

—  impurities  in,  841. 
Veratrine,  or  Veratria,  548,643 

—  oleate  of,  548. 
Veratroidine,  643. 
Veratrum  officinale,  648. 

—  album,  643. 

—  vizide,  643. 
Verbena  oil,  501. 
Verdigris,  218. 
Vermilion,  237,  661. 
Veronica  virginica,  609. 
Viburnin,  609. 


Viburnum,  609. 
Vinegar,  347. 

—  estimation  of  mineral  acids 

in,  800. 

 impurities in(acelum),  833. 

—  of  cantharides,  348. 

—  of  squill,  348. 
Vinum  antimoniale,  205. 

—  aurantii,  526. 

—  ferri,  176. 
— ' — citratis,  176. 

—  ipecacuanha;,  641. 

—  quinina!,  624. 

—  xericum,  526. 
Violet,  salicylic  acid  in,  586. 
Virginia  snakeroot,  609. 
Vitelline,  650. 
Vitriol,  blue,  161,  217. 

—  green,  161,  362. 

—  oil  of,  362,  363. 

—  white,  161. 

Volatile  oils,  see  Oils.      .  _ 
Volatility  of  salts  of  ammoni- 
um, 10/ 
Volatilization,  icy. 
Volcanic  ammonia,  98. 
Volume,  combination  by,  51. 

—  of  gas,  corrections  of,  731, 
732. 

—  molecular,  54. 
Volumetric  quantitative 

analysis,  740. 
Volumetric  estimation  of : — 
acetic  acid,  753. 
ammonia,  solutions  of,  744- 
ammonium  bromide,  757. 
—  carbonate,  745. 
antimony,  763. 
arsenic,  762. 
borax,  746. 

chlorine,  solution  of,  769. 
citric  acid,  754. 
hydrochloric  acid,  753. 
hydrocyanic  acid,  756. 
iodine,  769. 
iron,  arseniate,  766. 

—  iodide,  759. 

—  magnetic  oxide,  707. 

—  phosphate,  766. 

—  saccharated  carbonate, 
766. 

—  sulphate,  766. 
lactic  acid,  753. 
lead,  acetate,  746. 
lime,  chlorinated,  solution 

of,  770. 

—  water,  747. 

—  saccharated  solution  of, 

747-     .  , 
nitric  acid,  754- 
nitrohydrochloric  acid,  754. 
potash,  7*17. 
potassium,  747. 

—  bicarbonate,  747. 

—  bromide,  758. 

—  carbonate,  747. 

—  citrate,  749. 

—  cyanide,  757. 


Volumetric  estimation  of:— 
potassium,  iodide,  758. 

—  tartrate,  749. 
soda,  747. 

—  chlorinated  solution  ot, 
770. 

sodium,  747. 

—  arseniate,  759. 

—  bicarbonate,  747. 

—  bromide,  758. 

—  carbonate,  747. 

—  citrate,  749. 

—  hyposulphite,  763. 

—  iodide,  758. 

—  tartrate,  749- 
spirit  of  wine,  760. 
spiritus  ammonia;  aroma- 

ticus,  746. 
sulphuric  acid,  754. 
sulphurous  acid,  761. 
tartaric  acid,  754. 
Volumetric    solutions,  742, 
751,  752,  755.  76l>  763. 
764. 

Vulcanite,  501. 
Vulcanized  india-rubber,  501. 


Wahoo  bark,  608. 
Wakhuma,  633. 
Warmth  of  animals,  how  kept 

up,  9  . 
Washing-bottles,  119. 

—  flasks,  119. 

—  precipitates,  120. 
Wasp  sting,  400. 
Water,  141. 

—  aerated,  91. 
_  ammonia  in  potable,  745. 
 aspirator,  362. 

—  baryta,  112. 
 bath,  118,  122. 

—  boiling-point  of,  711. 
_  chalybeate,  158. 

—  chlorine,  20,  310. 

—  chloroform,  476. 

—  composition  of,  13. 
_  cubic  inches  of,  in  a  gallon, 

733-  , 

—  distilled,  142. 

—  estimation  of,  806. 

—  evaporation  of,  73. 

—  formation  of,  expressed  by 
symbols,  43- 

—  hardness  of,  370. 

—  hemlock,  497. 

—  lead  in,  245. 

—  lime,  117. 

—  nitrites  in,  414- 

 of  crystallization,  90,  155. 

 quantitative  estimation 

of,  806. 
 oven,  774. 

—  oxygenated,  112. 

—  potash,  75. 

—  preparation  of,  11. 

—  purification  of,  141. 

—  soda,  91,  733. 
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Water,  softness  of,  370. 

—  type.  449. 

—  weight  of  a  cubic  inch  of, 

721,  733- 

—  weight  of  minim,  drachm, 

ounce,  pint,  and  gallon, 
721. 
Wax,  536. 

—  paraffin,  475. 

.  Wedgwood-ware,  420. 
Weighing-tubes,  773. 
Weight,  715. 

—  estimation  of,  715. 

—  molecular,  54. 
 definition  of,  60. 

—  of  air,  732. 

—  of  hydrogen,  733. 

—  of  water,  733. 

—  specific,  716,  724. 
Weights,  atomic,  50. 

—  balance,  716.  ' 

—  and  measures,  716. 

—  and  measures  of  the  metric 

decimal  system,  et  seq., 
717. 

—  and  measures  of  the  British 

Pharmacopoeia  of  1885, 
721. 

—  relative,  50. 

—  of  litres  at  different  tempe- 

ratures, 733. 
Weld,  661. 
Welding,  159,  288. 
Wheaten  flour,  563. 
Wheat-starch  (fig.),  5°3- 
Whey,  562,  652. 
Whisky,  526. 
White  arsenic,  187. 

—  castile  soap,  549. 

—  indigo,  339. 

—  lead,  240,  664. 

—  marble,  115. 

—  pepper,  645. 

—  pigments,  664. 

—  precipitate,  235. 

 fusible,  236. 

 infusible,  236. 

—  resin,  504. 

—  vitriol,  161. 

—  wax,  536. 
AVhiting,  121. 

Whortleberry  sugar  in,  557. 
Wild  indigo,  636. 
Wild  black  cherry-bark,  590. 
Willow-bark,  543,  604. 
Wine,  526.  _ 

—  antiinonial,  205. 

—  apple,  526. 


Wine,  heavy  oil  of,  488. 

—  ipecacuanha,  641. 

—  iron,  176. 

—  oil  of,  48S.  , 

—  orange,  526. 

—  pear,  526.,  < 

—  quinine,  624. 

—  sherry,  526. 

—  steel,  176. 
Winter-green,  oil  of,  485. 
Wire-gauze  tray,  21. 

—  triangle,  109. 
Witch-hazel,  608. 
Witherite,  112. 
Wood-charcoal,  123. 

—  -creasote,  540. 
 naphtha,  521. 

—  specific  gravity  of,  730. 
 oil,  508. 

 spirit,  521. 

 tar,  492,  509. 

Woody  night-shade,  646. 
Woorara,  631. 
Wprmseed  oil,  498. 
Wormwood.  497,  595. 
Wourali,  631. 
Wrought  iron,  158. 


Xanthine,  648^  702. 
Xanthocreatinine,  612. 

Xanthorrhiza  afiiifolia,  637. 

Xantlwxylon  fraxincum, 

637- 
Xylene,  512. 
Xylenes,  542. 
Xylonite,  572. 
Xyloidin,  564. 


Yard,  721. 
Yeast,  524. 
Yelk  of  egg,  650. 
Yellow  chromate  of  potassium, 

"3-. 

—  colouring-matters,  659. 

—  dock,  399. 

—  ochre,  660 

—  oxide  of  mercury,  233. 

—  parilla,  637. 

—  prussiate  of  potash,  324, 

•4°3-  ^ 

—  sienna,  000. 

—  soap,  550. 

—  wax,  536. 

—  wood,  659. 
Yolk  of  egg,  650. 


Ytterbium,  845. 
Yttrium,  843. 


Zaffre,  269. 
Zanaloin,  519. 
Zanzibar  aloes,  519. 
Zca  Mays.  563. 

—  starch  of  (fig^),  566.' 
Zinc,  145. 

—  acetate,  149. 

—  analytical  reactions  of,  151. 

—  antidotes  to,  152. 

—  carbonate,  145,  149. 

—  chloride,  147. 

—  derivation  of  word,  25. 

—  detection  of,  in  presence  of 

aluminium  and  iron,  183. 
 ethide,  473. 

—  ferrocyanide  of,  152. 

—  granulated,  10. 

—  hydrate,  149. 

■ —  in  organic  mixtures,  detec- 
tion of,  673. 

—  molecular  weight  of,  222. 

—  oleate  of,  548. 

—  oxide,  150. 

—  quantitative  estimation  of 

782. 

—  sulphate,  146. 

—  sulphide,  151. 
 native,  145. 

—  sulphite,  151. 

—  sulphocarbolate,  541. 

—  valerianate,  151,  430. 

—  white,  149. 
Zinci  acctas,iaft. 
 impurities  in,  841. 

—  carbonas,  149. 
 impurities  in,  841. 

—  chloridi  liquor,  148. 

—  chloriditm,  147-  • 
 impurities  in,  842. 

—  oxidum,  150-. 
 impurities  in,  842. 

—  sulphas,  \ifi.  _ 
 impurities  in,  842. 

—  sulfihocarbolas,  541. 

—  —  impurities  in,  842. 

—  ungticntum,  150. 

—  valcrianas,  151,  43°- 

 impurities  in,  842. 

Zincuin,  145. 

—  granu/atum,  to. 
Zingiber,  501. 
Zirconium,  845. 
Zymotic  alkaloids,  612. 
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